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significant distance from the endwalls. Therefore, a

radial variation in efficiency should be used when
designing small stators.

Project Officer Jeffrey E. Haas —
(216)433-4000.
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You can learn more about this technology by ordering

the NTIS report(s):

Cold-Air Performance of Compressor Drive

Turbine

Order number: AD-A101066/NAA

Price code: A02
Order from:

National Technical Information Service
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for NASA's Jet Propulsion Laboratory.
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Agriculture & Food

Software

155 PASTURE Software Helps Small Farmer

Computers
156 Measuring Faults in Parallel Processsors

Software

157 Managing Development and Maintenance of Software

— This computer program assists in the development

of other computer programs.

158 Program for Analysis and Enhancement of Images —
Image data can be manipulated from and to a variety

of forms.

Electrotechnology

159 Gain Evaluation for an Idealized Curtain Array

Antenna

1 60 Improved Lower-Resistance Electrical Contacts on

Superconductors

161 Ultra-Wideband Direction Finding Using Fiberoptic

Transversal Filters

1 62 Clipper for High-Impedance Current-Drive Line —
Clipping is achieved at low currents without unaccept-

able leakage.

163 Electron-Focus Adjustment for Photo-Optical Imagers
— The internal electron focus is made independent of

the optical focus.

1 64 Graphite Multistage Depressed Collector for Micro-

wave Tubes — Electron backstreaming is reduced.

(Licensing Opportunity)

165 Modified-Edge Compact-Range Measurement
System — A large edge curvature reduces unwanted

diffraction.

166 Oscillator with Low Phase Noise — Phase errors are

cancelled for high frequency stability. (Licensing

Opportunity)

1 67 Simple, Inexpensive Servoamplif ier— A circuit is

based on a consumer-market audio-amplifier chip.

Other items of Interest

222 Implantable, Ingestible Electronic Thermometer—
The frequency of an oscillator varies with tempera-

ture. (Licensing Opportunity)

Energy

168 Conceptual Design and Optimization of a Versatile

Absorption Heat Transformer

1 70 Modular Computer Simulation of Absorption Systems

1 71 High-Temperature Absorbent for Absorption Heat

Pumps
1 72 Solar Pump— Heat from the sun would move liquid;

no electrical or mechanical input would be needed.

(Licensing Opportunity)

Software

173 Oil Market Simulation Model (OMS86)

Testing & Instrumentation

174 Dynamic Insulation Efficiency Tester

Engineering

175 Mobile Robot System Could Patrol Interior Security

Areas

1 76 Computer Model Analyzes Tolerance to Damage

1 77 Active Control of Transition and Turbulence — Lower

skin-friction drag is achieved downstream of a

turbulence trigger. (Licensing Opportunity)

1 78 Charcoal/Nitrogen Adsorption Cryocooler— A
refrigerator with no wear-related moving parts

produces 0.5 W of cooling at 1 1 8K.

1 79 High-Lift, Low-Pitching-Moment Airfoils — Two
families of airfoil shapes improve rotor performance.

(Licensing Opportunity)

1 80 Lumped-Parameter Representation of Wind Tunnel —
A hybrid analog and digital model simulates perform-

ance

1 81 Sealed Joints for Hard Suits or Robots — Developed

for space suits, the joint has other applications.

(Licensing Opportunity)

1 82 Analysis of Solar Electrical and Thermal Systems — A
computer program analyzes the areas weights, and

costs of five basis systems.

183 Six-Degree-of-Freedom Vibration Suppressor—
Helicopter vibration is reduced 95 percent from the

rotor hub to the piolot's seat.

184 Wind-Tunnel Capability at Ames Research Center—
Current facilities and planned improvements are

described. (Licensing Opportunity)

Software

185 Calculating Wave Drag on an Aircraft — An improved

program is based on a more accurate mathematical

model.

Testing & Instrumentation

1 86 Coatings Show Laminar Boundary-Layer Transitions

— Color changes in liquid crystals reveal changes in

shear stress. (Licensing Opportunity)

Other items of Interest

188 Separation of Dilute Hazardous Organics by Low
Pressure Composite Membranes

Environmental Science & Technology

1 87 DRASTIC — A standardized system for evaluating

ground water pollution potential using hydrogeologic

settings.

188 Separation of Dilute Hazardous Organics by Low
Pressure Composite Membranes
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Manufacturing, Machinery, & Tools

189 Material Buffering Controller

190 Solder Inspection Project Completed

191 A New Approach to Production Scheduling

1 92 Effects of Control Parameters on a Robot Welder—
Gains and weighting factors in a vision-based control-

ler are evaluated.

1 93 Filament-Winding Technique for Concave Parts — A
dummy mold and vacuum bagging yield accurate part

girth. (Licensing Opportunity)

1 94 High-Density-Tape Casting System — A centrifuge

packs solids from a slurry into a uniform, dense layer.

(Licensing Opportunity)

1 95 Levitation by Heat Radiation in Microgravity —
Radiation pressure would push samples into position.

1 96 Making Optical Correctors by Diamond Turning — An

rms surface error of only 0.075 wave has been

achieved.

1 97 Portable Chamfering Tool — A power tool machines

precisely onsite.

1 98 Supports for Wires Soldered to Pins — Stress

concentrations are reduced by reorienting wires.

Testing & Instrumentation

1 99 Laser Scanner for Tile-Cavity Measurement —
Irregular surfaces are mapped and digitized for

numerical-control machinery.

200 In Process Measurement of Part Thickness

Other items of Interest

223 Microwave Drying of Fine Coal

Materials

201 Corrosion Resistance of Rapidly Solidified Magne-
sium-Base Alloys

202 Production of Concrete Containing Fly Ash for

Structural Applications

203 Atom-Imaging Shows Details of Material Surface

Processes

204 Vapor Transport-Filtration Technique for Purifying

Silicon

205 Tailorable Advanced Blanket Insulation (TABI) — An
intregral woven core of ceramic yarns holds silica

batting for thermal protection of space vehicles.

(Licensing Opportunity)

206 Light, Strong Insulating Tiles — Experiments with

composition yield a desirable combination of proper-

ties.

207 Paint-Bonding Improvement for 2219 Aluminum Alloy

— Delaying a rinse step in a deoxidizing treatment

improves bonding. (Licensing Opportunity)

208 Localized Densification of Tile for Impact Resistance

— Colloidal silica is applied, in controlled quantities,

only where it is needed.

209 Making Highly Porous Ceramics — Freeze drying

generates high porosity. (Licensing Opportunity)

210 Effects of Low Gravity on Superalloy Solidification —
Interdendritic spacings and carbide contents increase.

(Licensing Opportunity)

21

1

Solidifying Mn/Bi in a Magnetic Field — The magnetic

effects are similar to those of low gravity. (Licensing

Opportunity)

212 Triflourophenylethylidene Condensation Polyimides

— Synthetic versatility provides high-Tg films and

melt-fusible molding resins. (Licensing Opportunity)

213 Study of Silicon-Web Growth — Previously accepted

concepts appear to be inadequate.

Testing & Instrumentation

214 Controlling Growth Rates of Protein Samples — The
Environment is made dry or wet to adjust to the rate.

(Licensing Opportunity)

215 Ultrasonic Nondestructive Testing of Composites and

Multi-Layer Materials

216 Test for Setting Time and Strength of Concrete

217 Testing Adhesive Bonds to Cloths — A non-

destructive tool is simple in inexpensive.

Medicine & Biology

218 Storage of Sera Samples Improved

219 Angiotensin-Converting Enzyme — Characteristics in

human skin fibroblasts

221 Implantable, Ingestible Electronic Thermometer—
The frequency of an oscillator varies with tempera-

ture. (Licensing Opportunity)

Testing & Instrumentation

220 Device for Non-Invasive Measurement of Lead in Pre-

school Children

222 New Microscope for Biological Studies

Other items of Interest

227 Fourier Transform Infrared Spectroscopy Center

Natural Resources Technology &
Engineering

223 Microwave Drying of Fine Coal

224 Computer Assisted Mineral Prospecting

Other items of Interest

1 87 DRASTIC— A standardized system for evaluating

ground water pollution potential using hydrogeologic

settings.

Physical Sciences

225 New Technique for the Characterization of Cesium

Beam Tube Performance

Chemical Separations Information Database

Fourier Transform Infrared Spectroscopy Center

Clarification Procedure for Gels — Potassium-ion

substitution in a silicate solution produces transparent

gels. (Licensing Opportunity)

Crystal Growth in Liquid Encapsulated Float Zone —
Liquid surrounding the melt prevents evaporation,

suppresses convection, and supports the melt.

(Licensing Opportunity)

FPT Algorithm for Two-Dimensional Cyclic Convolu-

tions — The algorithm is regular, modular, and

expandable.

Testing & Instrumentation

231 Intelligent Thick-Film Gas Sensor

232 Laser Ionization Photoelectron Spectrometer

233 Rotation Arc Plasma Invertor for Electric Switching

226

227

228

229

230
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234 A New Spectrometer for Soft X-Ray Emission Studies

at the National Synchrotron Light Source

235 Compensating for Electro-Osmosis in Electrophoresis

— A simple mechanical adjustment eliminates a

transverse velocity component. (Licensing Opportu-

nity)

236 Dual-Mode Laser Velocimeter— A reversible lens

system provides two velocity ranges. (Licensing

Opportunity)

237 Interface Circuit for Laser Doppler Velocimeters — A
new circuit displays more information to the user and

provides higher data-collection rates. (Licensing

Opportunity)

238 Thermally Activated Driver— A precise, large-force

driver has many potential applications and requires no

power. (Licensing Opportunity)

239 Measuring Specific Heats at High Temperatures —
Graphite coatings on samples and control of the

sample position increase accuracy.

Transportation

240 Flight Research on a Forward-Swept-Wing Airplane

— Tests yield information relating to design, safety,

and performance. (Licensing Opportunity)
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/SSS\ United States

Department of

Agriculture

Computer
Software

Research Technology
Agricultural Research Service

PASTURE Software Helps Small Farmer

One new computer program

developed by ARS and the University of

Kentucky helps small beef operators get

the most out their grazing acreage.

PASTURE lets farmers ask "what if

questions
—"What if I graze fewer or

more cattle on this size field? What if I

fertilize this month instead of next?

What if rainfall is below normal? What
happens if I use rotational grazing?

"

explains program coauthor Michael A.

Brown, at ARS' South Central Family

Farm Research Center in Booneville,

Arkansas.

"PASTURE lets farmers project

various management scenarios and see

what happens to costs and returns,"

Brown says.

To operate the model, a farmer

describes the type of forage and how it's

managed. Then the program projects

forage and animal production for the

various combinations described.

University of Kentucky extension

specialist Curtis Absher says the

program helps farmers better utilize their

forage. "It's an invaluable part of our

Graze More Beef program, which aids

the small farmer in Kentucky trying to

use intensive grazing techniques."

Fertilizer, irrigation, forage types,

weather, and costs can be factored into

the program so the farmer doesn't need

to try to calculate all the complex

interrelationships.

"The farmer gets a clearer picture of

how management choices affect costs

and profits. This program can mean
major savings, even on a small farm,"

Brown says. "I've played with a lot of

sequences and seen tremendous differ-

ences in outcomes. For example, a

farmer could decide to change forage

types entirely based on what the program

projects in terms of costs and returns."

The program was originally designed

for a mainframe computer, but has been

reformatted for use on more readily

available personal computers. Software

for PASTURE is available to extension

agents from Brown.

For Additional Information:

To discuss this effort further, contact:

Dr. Michael A Brown
USDA-ARS Southern South Central Family

Farm Research Center

Route 2, Box 144-A

Booneville, AR 72927-9214; (501) 675-

3834
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Computers

156 Measuring Faults in Parallel Processsors

Software

157 Managing Development and Maintenance of Software — This computer

program assists in the development of other computer programs.

158 Program for Analysis and Enhancement of Images — Image data can be

manipulated from and to a variety of forms.
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburq, MP 20899

Measuring Faults in Parallel Processors

In a recent study for the Defense Advanced Research Projects Agency,
researchers in the NBS Institute for Computer Sciences and Technology
investigated a number of measurement techniques that can be used to

detect and recover from hardware faults in parallel processors. "Fault-

tolerance" is particularly important in computer systems used, for ex-

ample, to solve large problems such as weather forecasting and to con-
trol aircraft and spacecraft. The researchers looked at ways to detect
transmission and data storage errors and faults in processors, controllers,

computer components, and input/output systems. This work is part of

an ongoing research effort to develop techniques and tools to measure
the performance of parallel processors.

FOR ADDITIONAL INFORMATION: A copy of the report is available

from NTIS, Springfield, VA 22161; (703) 487-4600.
NTIS order number: PB87-208328/NAC
Price code: A03
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IWNSATech Brief
National Aeronautics and
Space Administration

Computer
Software

Managing Development
and Maintenance
of Software

This computer program

assists in the development of

other computer programs.

The Source Management Utility (SMU)

computer program is a tool to manage the

development and maintenance of compu-

ter software. Its purpose is to control an

organization of configured data sets that

contain source, object, and load-module

files.

At each step of the development proc-

ess, SMU produces files that trace the revi-

sion history of a particular program. Pro-

grams can be controlled by restricting

compilation or linking privileges and by re-

quiring a designated primary user to

authorize all changes. SMU provides an

easy-to-use method of software manage-

ment by supplying source-code control,

tracing of all software modifications, and

historical documentation.

SMU builds a data base of configured

files with particular formats, file specifica-

tions, etc. Common file types include

FORTRAN, PL/1, PASCAL, ASM, JCL,

CLIST, and TEXT. The SMU system con-

tains a user-interface program based on

the IBM ISPF facility program for screen

formatting and user dialog. The user can

interactively perform such software-

maintenance functions as create, edit,

compile, link, and load (subject to approval

by the primary user).

SMU manages file-history data sets that

can be viewed by the user for dates, code

changes, reasons, etc. Using SMU com-

mands, local files can be compared to the

"official" production version, the availabili-

ty of data sets can be confirmed, and previ-

ous program versions can be fully re-

stored.

SMU is written in PL/1 and assembler

for interactive execution and has been im-

plemented on an IBM 3030-series compu-

ter operating under OS/MVS with a central-

memory requirement of approximately

200K of 8-bit bytes. SMU requires the IBM
programs TSO and ISPF. Installation of the

SMU system requires knowledge of the

AS/MVS operating system. Release 3 of

SMU was developed in 1985.

This program was written by Gerald W.

Rook and David E. Statezni of Rockwell In-

ternational Corp. forJohnson Space Cen-

ter MSC-21142/TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University of Georgia

Athens, GA 30602

(404) 542-3265

i
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(WNSATech Brief
National Aeronautics and
Space Administration

Computer
Software

Program for Analysis

and Enhancement
of Images

Image data can be

manipulated from

and to a variety of forms.

The Land Analysis System (LAS) is a col-

lection of image-analysis computer pro-

grams designed to manipulate and analyze

multispectral image data. It provides the

user with functions ingesting various sen-

sor data, radiometric and geometric cor-

rections, image registration, training site

selection, supervised and unsupervised

classification, Fourier domain filtering, and

image enhancement.

The package is sufficiently modular and

includes an extensive library of subrou-

tines to permit inclusion of new algorithmic

programs. Included are routines for image

input/output from tape and disk, statistical

data handling, pixel manipulations, geo-

metric transformations, and general utility

routines. The commercial package Inter-

national Mathematical & Statistical Library

(IMSL) is required for full implementation of

the LAS.

The LAS is integrated with the Trans-

portable Applications Executive (TAE). TAE

has four modes of user interaction: fi N

menu, (2) direct command, (3) tutor (or

help), and (4) dynamic tutor. This allows

new users to select LAS functions from the

menus and to obtain online help informa-

tion. It also allows experienced users the

efficiency of issuing direct commands.
TAE also provides the ability for users to

create sequences of LAS functions to be

executed as a single command.

A Catalog Manager (CM) package pro-

vides users with the ability to assign names
for data files and to organize the cataloged

set of names in a structure suitable for the

user's application.

The next release of LAS, scheduled for

summer 1987, will include a Display Man-

agement Subsystem (DMS) which facili-

tates the ability to interface LAS with image

analysis and display devices. The LAS will

include an interface to the International Im-

aging Systems Inc. (IIS) model 75 image

processor. Other display devices are ex-

pected to be available as they are imple-

mented by the LAS user community.

The LAS package (including TAE, CM,

and DMS) is available by license for a

period of ten years to approved domestic

licensees. It includes the source code and

one complete set of documentation. Addi-

tional copies of the documentation can be

purchased separately at any time.

LAS is written in VAX FORTRAN 77, C,

and Macro assembler for a DEC VAX oper-

ating under VMS 4.0.

This program was written by Yun-Chi Lu

ofGoddard Space Flight Center.

GSC-13075 /TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University of Georgia

Athens, GA 30602

(404) 542-3265

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Electrotechnology

159 Gain Evaluation for an Idealized Curtain Array Antenna

160 Improved Lower-Resistance Electrical Contacts on Superconductors

161 Ultra-Wideband Direction Finding Using Fiber Optic Transversal Filters

1 62 Clipper for High-Impedance Current-Drive Line — Clipping is achieved at

low currents without unacceptable leakage.

163 Electron-Focus Adjustment for Photo-Optical Imagers — The internal

electron focus is made independent of the optical focus.

1 64 Graphite Multistage Depressed Collector for Microwave Tubes — Electron

backstreaming is reduced. (Licensing Opportunity)

1 65 Modified-Edge Compact-Range Measurement System — A large edge
curvature reduces unwanted diffraction.

1 66 Oscillator with Low Phase Noise — Phase errors are cancelled for high

frequency stability. (Licensing Opportunity)

167 Simple, Inexpensive Servoamplifier — A circuit is based on a consumer-

market audio-amplifier chip.

Other Items of Interest

222 Implantable, Ingestible Electronic Thermometer— The frequency of an

oscillator varies with temperature. (Licensing Opportunity)
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Institute for Telecommunications Sciences
U.S. Department of the Interior

Gain Evaluation for An Idealized Curtain Array Antenna

High-frequency, curtain array antennas are being used more frequently in

braodcast applications. Research has developed a simple computer model
for the curtain array antenna with a reflecting screen to determine the di-

rective gain for various slew angles. All dipoles in the array are uniformly

spaced, identical, coplanar, and horizontal. The model assumes a flat, per-

fectly conducting Earth and a perfectly conducting reflector screen. There
are no mutual impedance terms included in this model. Examined was a 14

bay (wide), 8 stack (high), uniformly spaced, half-wavelength (at design fre-

quency) dipole array for our computer subroutine. The subroutine can mo-
del an antenna operated at or near the design frequency and is applicable

for other separations. The FORTRAN computer subroutine created to cal-

culate the expression considers interelement spacing and length of the in-

dividual elements, the spacing between the radiators and the reflecting screen
behind the radiators, the antenna design and operating frequencies, and the

number of elements in the array.

FOR ADDITIONAL INFORMATION: A copy of the report is available from
NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: PB87-210290/NAC
Price code: A03

To discuss this effort further, contact Dr. Nancy Kuester, Institute for Tele-

communication Sciences, National Telecommunications and Information Ad-
ministration, U. S. Department of Commerce, Boulder, CO ' 80303.
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NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburq, MP 20899 _^_^^^_

Improved Lower-Resistance Electrical Contacts on
Superconductors

NBS 1 Boulder (Colo.) laboratories, in collaboration with Westinghouse
Electric Corp., have devised a new method of making improved, lower-

resistance electrical contacts on the new high-critical-temperature cera-

mic superconductors. High-contact resistance has been a major obstacle

to commercial applications of the new superconductors. The new method
reduces the contact resistivity several thousand times below that pre-

viously achieved with conventional contacts. Resistance at electrical

contacts causes heating in any device, but it is particularly fatal in super-

conductors. Even modest heating can raise the temperature of the super-

conductor enough to weaken or destroy the property of superconductivity.

In addition, for computer applications, heat generation is one of the pri-

mary factors limiting the number of circuit elements in a given volume
and, consequently, the ultimate speed of a computer. In magnet appli-

cations, there is the additional problem of needing large contact areas

in order to handle very high currents. The new contact method is not

restricted to small contact areas. The contacts made thus far have been
about 10 square millimeters in size, but there is no inherent limitation

preventing much larger contacts.

FOR ADDITIONAL INFORMATION:
Dr. Jack Ekin

National Bureau of Standards
Division 72405
Boulder, CO 80303
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NAVY
Domestic Technology Transfer Fact Sheet

Ultra-Wideband Direction Finding Using Fiber Optic
Transversal Filters

To meet the increased signal-processing requirements of current radar

and communication systems, the Navy has expanded its thrust in ad-

vanced surveillance technology. As a result, novel beamforming and
angle of arrival techniques with enhanced performance capabilities are
currently being sought and researched. The purpose of a two-year pro-

gram was to demonstrate the feasibility of using state-of-the-art elec-

tro-optic and fiber optic technology to perform wideband direction

finding (DF). This objective has been achieved. A report summarizes
the theoretical and experimental findings and recommends areas where
further development are needed.

RF direction finding with the fiber optics matched-delay filter has been
successfully demonstrated in the 200- to 1800-MHz frequency range.

This fiber optic signal-processing device offers the capability of using

a fixed-antenna array to simultaneously monitor the angles of arrival of

multiple wideband signals. An important feature of this DF technique
is that the angular peak of each transversal filter within the system is

independent of frequency. Two test model eight-laser, two-transversal

filter DF devices have been designed, constructed, tested, and evaluated

at NOSC. One system employed multimode fiber-delay lines and the

other single-mode delay lines. The frequency response of both systems
was limited by the laser diode-optical detector combined response (1GHz
for the multimode system and 2GHz for the single-mode system). The
experimentally simulated angular response curves for the two systems

showed good agreement, especially with respect to angular beam widths,

with the calculated responses at each frequency investigated. The exper-

imentally achieved sensitivity and electrical dynamic range for the multi-

mode DF device was -57 dBm and 51 dB respectively. The experimental
sensitivity and dynamic range of the single-mode system was -42 dBm
and 44 dB respectively. These experimental results for both systems are

close to 20 dB from the expected sensitivity and dynamic range derived

assuming detector-limited operation. After some analysis, it was con-

cluded that the experimentally attained sensitivity and dynamic range of

both systems were limited by a combination of imprecise fiber-delay times
and unequal modulated optical powers contributed by each fiber. Modal
noise was determined not to be a limiting error source in the experimen-
tal multimode DF device investigated in this study. As multimode systems
with more precise control of fiber-delay times and optical modulating
power levels are developed, modal noise will become a more important

error source. Due to the slightly better sensitivity and dynamic range

capabilities of multimode DF systems (theoreticallt predicted and exper-

imentally verified), the multimode fiber optic DF processor is concluded
to be the superior system.
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FOR ADDITIONAL INFORMATION: A copy of the report is available

from NTIS, Springfield, VA 22161; (703) 487-4600.
NTIS order number: AD-A182281/6/NAC A
Price code: A04

To discuss this effort further, contact S. A. Pappert, Navy Ocean Systems
Center, Optical Electronics Branch, San Diego, CA 92152-5000; (619)

225-7976.



NASATech Brief
National Aeronautics and
Space Administration

Goddard Space Flight Center, Greenbelt, Maryland

Clipper for High-Impedance Current-Drive Line
Clipping is achieved at low currents without unacceptable leakage.

A clipping circuit limits the output

voltage of a high-compliance, 1-^A current

source without introducing unacceptable

leakage over that necessary to make the

current source work. A typical application

would be in the circuit of a germanium re-

sistance thermometer in a cryogenic sys-

tem.

Leakage currents limit the usefulness of

a conventional clipping circuit at small load

currents (typically, microamperes). In the

new circuit (see figure), leakage is reduced

by shunting current through the saturated

input at an operational-amplifier follower

that is already part of a Howland (or equiva-

lent) current source.

In normal (nonclipping) operation, the

amplifier in the follower operates in a

closed feedback loop and consequently

presents the high common-mode input im-

pedance to the current-drive line. When
the voltage on the current-drive line ex-

ceeds the cut-in voltage of the two diodes,

the amplifier saturates as it attempts to

drive current through the diodes.

The saturation of the amplifier opens the

feedback loop, thereby presenting, to the

drive line, the much lower differential input

ac

,

Voltage

CURRENT SOURCE

Lpad-

V

Q Schottky

Diodes

7
An Operational-Amplifier Follower Circuit is part of a variable-resistance current shunt.

resistance, which is low enough to shunt

current from the drive line. Thus, smooth

clipping is achieved with a minimum of ad-

ditional components.

This work was done by Christopher E.

Woodhouse of Goddard Space Flight

Center. No further documentation is avail-

able.

GSC-13069 /TN
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Electron-Focus Adjustment for Photo-Optical Imagers
The internal electron focus is made independent of the optical focus. One-Electron Peak

A procedure enables the fine tuning of

the internal electron-focusing system of a

photo-optical imager, without complication

by the imperfections of the associated ex-

ternal optics. The procedure is applicable

to an imager in which electrons are emit-

ted from a photocathode in the optical

focal plane, then electrostatically and/or

magnetically focused to a replica of the im-

Connector Pins

Figure I.This "Digicom" Imaging Tube in-

cludes a CsTe photocathode and a line of

parallel photodiodes at the detector plane.

The photoelectrons are focused by the

combination of electrostatic and magnetic

fields.

age in a second focal plane containing

photodiodes, phototransistors, charge-

coupled devices, multiple-anode outputs,

or other detectors (see Figure 1).

During the adjustment procedure, the

photocathode of the imager is illuminated

by a monochromator containing a lamp

that emits at least some light at a wave-

length less than half the long-wavelength

limit of the photocathode response. The

operating principle is based on the fact that

a photon having an energy of more than

twice the band gap of the photocathode

material sometimes produces two photo-

electrons. The pulse from a two-photoelec-

tron photo-detection event is twice as large

as that from a single-photoelectron event.

The two kinds of events can therefore be

distinguished by sending the imager output

to a pulse-height analyzer. For this pur-

pose, the monochromator output must be

just intense enough to enable the con-

venient counting of individual pulses.

The electrostatic focusing voltage or the

magnetic focusing current is varied slowly.

Meanwhile, the photocurrent from one of

the detectors is fed to a multichannel

analyzer, the output of which is recorded.

The ratio of counts in the two-electron peak

to the counts in the one-electron peak is

then plotted as a function of the focusing

voltage or current (see Figure 2).

It has been found that the ratio reaches

a peak when the voltage or current is at the

value for best electron focusing: this is

because both photoelectrons of a double

emission must be brought back together

(that is, focused) to the same spot on the

focal Diane to achieve the double-amoli-

/

Two-Electron Peak

25 50 75 100 125

Channel (Pulse Height)

§ 14

E

"0 12 "

I 0.10 _

r

1 08 -

3
c 06

JO0)
o

° 02 Ill
Magnet Current. mA

Figure 2. The Pulse-Height Analyzer Out-

put is measured at various levels of magnet
current. The ratio of heights of two-electron

to one-electron peaks is plotted as a func-

tion of magnet current. The peak indicates

best focus.

tude output. Thus, the count ratio can be

used to indicate the electron focus and to

facilitate diagnosis when attempting to

distinguish between optical and electronic

causes of image degradation.

This work was done by Walter B. Fowler,

Keith Flemming, and Michael M. Zieglerof

Goddard Space Right Center.

GSC-12890 /TN
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Graphite Multistage Depressed Collector for Microwave Tubes
Electron backstreaming is reduced.

A significant increase in the overall effi-

ciency of traveling-wave tubes (TWT's)

has been brought about by the conception

and development of the multistage

depressed collector (MDC). However,

there are still some unresolved problems

that hamper further improvement. The use

of copper as an electrode material causes

excessive backstreaming of reflected

primary and secondary electrons. The re-

emitted electrons backstream or return to

the TWT interaction region, degrading not

only the tube efficiency but also the quality

of the output radio-frequency (RF) signal as

well.

Investigation revealed that various

forms of carbon exhibited substantially

lower secondary electron emission char-

acteristics than did copper, the industry

standard for MDC electrode material. A
form of graphite was found to meet the col-

lector requirements and to have no major

disadvantages. This graphite is a fine-

grained, high-purity, isotropic material with

interconnecting porosity that enables

outgassing to be completed rather quickly

during vacuum bakeout. Graphite with

these properties is made by a variety of

manufacturers; the specific material used

in this study is a purified grade, DFP-2,

manufactured by the POCO Graphite Co.

The coefficient of thermal expansion of

this graphite matches that of alumina very

closely, and these two materials can be

brazed without any serious problems,

using a suitable active-metal brazing alloy.

Such brazing is essential to the fabrication

of a rugged and reliable collector.

A novel design approach not only tied

the various requirements together but also

improved the manufacturability of the

MDC as well. Each of the several electrode

stages of the MDC was constructed in a

modular form as shown in Figure 1 . Each

module was a brazed, axisymmetric com-

posite, which included the graphite elec-

trode at the center, surrounded by a ring of

high-purity ceramic high-voltage insulator,

and contained within an outer metal sleeve

that served as the vacuum housing. The

modules were then stacked, one on top of

the other, to form the multiple-tiered ar-

rangement of staged electrodes making

up the collector assembly (see Figure 2).

Other good features to be found in the

design include methods to hold dimen-

sions and alignments accurately; inter-

changeability for replacement of any mod-

ule; ease of modification of the electrode

configuration and/or surface texturization;

and convenience of inspection and clean-

ing, if necessary, of the high-voltage in-

sulators before assembly is completed by

welding the joints between modules.

The wider user of this or similar graphite

material, along with the joining technology,

Figure 1. These Brazed Electrode Modules are the components of a multistage depressed

collector.
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is possible outside the communication in-

dustry. For example, there is a need for a

high-temperature-resistant material like

carbon that can absorb, collect, or shield

high-power-density radiations like laser

beams and charged particles without suf-

fering damage.

This work was done by Ben T. Ebihara of

Lewis Research Center. Further informa-

tion may be found in NASA TP-2524 [N8&
13643/NSP], [A03] "Verification of

Computer- Aided Designs of Traveling-

Wave Tubes Utilizing Novel Dynamic

Refocusers and Graphite Electrodes for

the Multistage Depressed Collector."

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

This invention has been patented by

NASA (U.S. Patent No. 4,527,092). In-

quiries concerning nonexclusive or ex-

clusive license for its commercial develop-

ment should be addressed to the Patent

Counsel, Lewis Research Center

Refer to LEW-14098. /TN

Lewis Research Center
21000 Brookpark Road
Cleveland, OH 44135

Technology Utilization

Officer: Daniel G Soltis

Mail Stop 7-3

(216)433-5567

Patent Counsel:

Gene E. Shook
Mail Code 301-6

(216)433-5753

Connection

to Ion Pump

Conducting Outer

Shell and
Vacuum Housing

Permanent
Magnets

Graphite

"Electrode

Insulator

Figure 2. The Multistage Depressed Collector is assembled from the stack of modules

shown in Figure 1.
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Modified-Edge Compact-Range Measurement System
A large edge curvature reduces unwanted diffraction.

The compact range is an electromag-

netic-measurement system used to simu-

late a plane wave illuminating an antenna

or scattering body. The plane wave is nec-

essary to represent the use of the antenna

or scattering from a target in a real situa-

tion. Traditionally, a compact range has

been designed as an offset-fed parabolic

reflector with a knife or a serrated edge.

The edge termination of the parabolic sur-

face has limited the extent of the plane-

wave region or, more significantly, the an-

tenna or scattering-body size that can be

measured in the compact range. As a re-

sult, the compact range has had limited

use as well as limited accuracy. The com-

pact-range concept has not been applied

to larger systems because of the large dis-

crepancy between the target and reflector

sizes.

The signal reflected by the parabolic re-

flector is basically a plane wave, which ex-

ists over the extent of the surface. If a sim-

ple straight edge is used, the diffracted

signal is quite strong about the edge (see

Figure 1). This diffracted signal interferes

with the plane wave, causing amplitude

and phase variations of the field illumi-

nating the test antenna or scattering body.

Several schemes to overcome this prob-

lem were examined, and it was found that a

large, curved edge termination is most ap-

propriate, as shown in Figure 2. The large,

curved edge termination reduces the

edge-scattered field in the target area by

one order of magnitude.

The large, curved-edge treatment,

which involves a radius of curvature equal

to or greater than the focal distance, pro-

vides this improvement by creating a re-

flected field that goes smoothly from the

parabolic surface to the curved surface

termination. If a subreflector is used, a

knife edge on the subreflector leads to ex-

Signal

Diffracted

by the Edge

Parabolic

Reflector

Diffracted

Signal

Reflected

Signal

\ Field

Point

^Diffracted

Signal

Feed
Antenna

Figure 1. Signals Diffracted by the Knife Edge in a conventional system typically interfere with

the plane wave reflected from the paraboloid.

cessive ripple for the main-reflector il-

lumination. Again, this problem can be

overcome by use of a large, curved edge

termination. Thus, the use of large, curved

edge termination on the subreflector and

the main reflector provides a significant en-

hancement in the compact range system.

Several characteristics specify the

curved-surface design. First, the radius of

curvature of the curved edge at the junc-

ture (the connecting line between the re-

flector and the curved edge) should be

greater than the focal length of the reflec-

tor. Second, the curved surface should be

smooth to a one-hundredth of a wave-

length near the juncture, but the roughness
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can increase to a one-tenth of a wave-

length at the highest frequency. The sur-

face should continuously curve away from

the focus so that the minimum radius of

curvature is nowhere less than a one-

quarter wavelength at the lowest opera-

tional frequency. The curved surface

should also continue smoothly into the

shadow region.

This approach can be used on any type

of reflector, such as parabolic, elliptical,

hyperbolic, or optimal. Also, the reflector

can be either circularly symmetric, spheri-

cally symmetric, or cylindrical. In fact, the

large, curved-surface edge-termination

concept can be used on any reflector con-

figuration requiring creation of a field

without diffraction from edge terminations.

This work was done by Melvin C.

Gilreath of Langley Research Center and

Walter D. Burnside of Ohio State Universi-

ty. LAR-13352/TN

Modified

(Curved)

Edge
Field Reflected

From
Curved

Surface

Plane Wave
From
Parabolic

Reflector

Feed
Antenna

Figure 2. When the Edge Termination of the Reflector is a large curved surface, the field dif-

fracted by the edge region is reduced by an order of magnitude.
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Oscillator With Low Phase Noise
Phase errors are cancelled for high frequency stability.

A radio-frequency oscillator achieves

high stability of frequency through a

parallel, two-amplifier configuration in

which the effects that cause phase noise

tend to cancel each other. The circuit in-

cludes two amplifiers with resonating

elements, each of which constitutes part of

the feedback loop of the other. Both gener-

ate the same frequency because each cir-

cuit provides the other with the conditions

necessary for oscillation.

With the feedback loops and parallel in-

put connections shown in the figure, the

capacitive input susceptance of circuit 1

provides circuit 2 with negative conduct-

ance, while the inductive input suscept-

ance of circuit 2 provides circuit 1 with

negative conductance. The resulting total

closed-loop conductance is negative — a

condition that gives rise to oscillation. In ef-

fect, circuit 1 operates as a Hartley oscilla-

tor, while circuit 2 operates as a Colpitts

oscillator. The common resonant frequen-

cy is given by

f = (2n)-U(c
1
+c

2y(i, + yqaj*
The quiescent operating point is

established by the supply voltage; the

voltage divider R
3 , R4 , RC1 , R^, and the

common emitter resistor R
E . CB , CE , CC1 ,

and CC2 are large bypass and coupling ca-

pacitors. The tap for CB on R4 is used to in-

troduce a controlled amount of negative

feedback, thereby reducing the excess

gain and limiting the severity of clipping of

the sinusoidal oscillations. This promotes
frequency stability because the clipping

would otherwise introduce noise, which
would cause the frequency to fluctuate. R

3
and R

4 are chosen to set the quiescent
bias voltage at the bases equal to half the
supply voltage. This helps to assure the
symmetry of the oscillations, thereby fur-

ther reducing clipping and contributing to

frequency stability.

Q
:
and Q2

are matched npn transistors.

Resistors R
1
and R

2
are used to equalize

f 1
Supply Voltage

XJ2 /?*2

T r-:,.

.

K
__T

x

—

\i

1,

X:

re ce

CIRCUIT 2 CIRCUIT 1

In the Low-Phase Noise Oscillator, phase fluctuations in circuit 1 are opposed by phase fluc-

tuations in circuit 2. The net effect is low phase noise and consequent frequency stability. In

the resonant circuits, L
1
and L

2
could be replaced by piezoelectric crystals of the desired

resonant frequency.

the amplifier gains; ordinarily, one would

strive for g m1 R 1
= gm2R2 , where g mi

= the transconductance of the /th tran-

sistor.

In a conventional oscillator, the small

fluctuations of quiescent current due to in-

herent noise produce instantaneous
changes of phase and, therefore, of fre-

quency. However, in this oscillator, the

noise causes opposing fluctuations in

capacitive and inductive input suscept-

ances that arise from C and l_
2

. As a

hanced.

This work was done by Leonard L.

Kleinberg of Goddard Space Flight

Center.

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent

Counsel, Goddard Space Flight Center

Refer to GSC-13018./TN

Goddard Space

result, when there is a fluctuation in the fre-

quency of circuit 1 , there is an equal (in

magnitude) but opposite fluctuation in the

frequency of circuit 2. Thus, the frequency

stability of the combined circuits is en-

Flight Center
Greenbelt, MD 20771

Technology Utilization

Officer; Donald S.

Friedman
Mail Code 702

(301)286-6242

Patent Counsel:

John O Tresansky
Mail Code 204

(301)286-7351
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Simple, Inexpensive Servoamplifier

A circuit is based on a consumer-market audio-amplifier chip.

Low-cost, permanent-magnet dc mo-
tors can be used as relatively high perform-

ance servomotors in many instrumenta-

tion and control applications. However,

when such a servo must be powered by a

single power supply, as in aircraft and

automotive applications, the driving ampli-

fier becomes rather complex, and the cir-

cuitry becomes quite complicated. Special

integrated circuits (IC's) capable of driving

the motor in either direction are becoming

available, but they are relatively expensive

and difficult to obtain at present.

Certain IC's designed to serve as power

amplifiers for consumer stereophonic

audio equipment have been found to con-

tain virtually all the components and cir-

cuits required for single-power-supply

servoamplifiers. Since these devices are

manufactured for high-production con-

sumer goods, they are inexpensive and

easily obtained.

The figure shows one of these IC's con-

nected as a servoamplifier. The chip con-

tains two dc power amplifiers, each of

which is capable of driving its output ter-

minal to ground potential or to within about

2 V of the positive potential of the power

supply. This particular ICcan supply over 1

A to a motor load when powered by a 12-V

power supply.

Although such an amplifier can be used

in an analog configuration to supply a pro-

portional torque to the motor, simpler cir-

cuits and a more efficient use of energy

Power Supply

of Control-Signal

Generator—»—vw
10K

Bias-Voltage

Control Input 1

Control Input 2

This Stereo Audio Amplifier Chip, connected as a servoamplifier, can supply more than 1 A to

the motor.

result when it is utilized in a pulse-width-

modulation mode. The pulse-width signals

can be generated directly by computer

software or by an external pulse-width-

modulation generator. Further, the pulse-

width modulator can be designed to serve

as an interface between the servoamplifier

and either an analog or a digital control

system.

This work was done by H. Douglas

Garner of Langley Research Center.

LAR-13538 /TN
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Oak Ridge National Laboratory

CONCEPTUAL DESIGN AND OPTIMIZATION OF A VERSATILE ABSORPTION
HEAT TRANSFORMER

Heat transformers are absorption heat pumps

that raise the temperature of industrial waste

heat to values high enough to be useful.

Solutions of lithium bromide-water are commonly

used in heat transformers, in spite of their

biggest drawback: crystallization of the solution

outside a relatively narrow field. Conceptual

Design and Optimization of a Versatile Absorption

Heat Transformer studied sodium hydroxide-

water (see Fig. 1) in addition to lithium bromide-

water as a solution with a wider field for

operation in obtaining high-temperature boosts.

A digital computer model of the cycle was

optimized to minimize the payback period

required for capitalization of the new heat

transformers. The results show that when the

waste heat and heat rejection temperatures are

low, sodium hydroxide-water shows operational

advantages over lithium bromide-water.

Otherwise, lithium bromide-water can be

employed with basically the same results. The

optimization results show relatively short payback

s
if
I 150

220
,80 250,,

CARNOT COP

080 §
- 70 B

060 I

050 £

040 S

030 _

020|
10 £

MAXIMUM CONCENTRATION (%l

Fig. 1. The potential of the cycle with sodium

hydroxide solutions. The absorber outlet

temperature curve (on the left) shows that as

the heat transfer area is increased, the delivery

temperature can reach 170°C (338°F), starting

with waste heat at 60°C (140°F). The coefficient

of performance (COP) of the cycle (a measure of

the thermodynamic efficiency calculated from

the heat delivered divided by the waste heat

input) stays relatively constant at roughly 65%
of the Carnot COP.

periods (1-2 years), which indicates that the

cycle is worthy of further study and

experimentation. Use of optimization techniques

saves significant time and effort in the design of

absorption cycles for a given set of desired

operating conditions.
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Additional information: M. R. Patterson and H. Perez-Bianco, "Sensitivity of

Absorption Cycle Calculations to Fluid Property Errors

Office of Technology Applications Calculated Stochastically," 19th Intersociety Energy f
Information Service Conversion Engineering Conference, Vol. 3, pp. 1739-47

Martin Marietta Energy Systems, Inc. (August 1984).

P.O. Box X

Oak Ridge, TN 37831 M. R. Patterson and H. Perez-Bianco, "Design of an

Telephone: (615) 574-4192; FTS 624-4192 Advanced Absorption Heat Pump for Minimum Payback

Period," R. A. Gaggioli, editor, ASME AES 1. pp. 11-18

(1985).

H. Perez-Bianco and M. R. Patterson, Conceptual Design and

Optimization of a Versatile Absorption Heat Transormer,

ORNL/TM-9841, Oak Ridge National Laboratory (June

1986).

H. Perez-Bianco, M. R. Patterson, and J. Braunstein, Ideal

Fluid Properties for Optimizing Absorption Heat Pump

Performance, ORNL/TM-10315, Oak Ridge National

Laboratory (April 1987).
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Technology Application

Oa/c fl/c/ge National Laboratory

MODULAR COMPUTER SIMULATION OF ABSORPTION SYSTEMS

Previous absorption computer modeling has

focused on specific cycles and specific fluids and

is therefore of limited use. With recent work on

new, advanced absorption cycles combined with

a variety of absorption fluids, a flexible

absorption heat pump simulation program was

needed. A computer code was written based on

unit subroutines that model each of the

absorption system's components and on a main

program that calls the subroutines and links the

absorption components according to the user's

specifications.

The program was written in a user-oriented

form. The user specifies (1) the state points

defining each unit, (2) indices indicating whether

parameters are fixed or variable and which type

of working fluid corresponds to the state point,

(3) the UA value of each unit, and (4) the values

of the fixed temperatures and flows in the

system.

The code has been tested on single- and

double-stage heat transformers and a single-stage

chiller operated with two working fluids, water-

lithium bromide (a nonvolatile absorbent) and

ammonia-water (a volatile absorbent).

Program output includes information on the

convergence; the temperature, pressure,

concentration, and flow rate at each state point;

the heat transfer through each unit; and the

overall coefficient of performance. Detailed

validation was carried out with experimental runs

of a single-stage water-lithium bromide heat

transformer, and the agreement between

simulation and experiment was very satisfactory.

Additional information:

National Technical Information Service

U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

G. Grossman and E. Michelson, Absorption Heat Pump

Simulation and Studies: A Modular Computer Simulation of

Absorption Systems, Final Report, ORNL/Sub/83-43337/2,

Oak Ridge National Laboratory (April 1986).
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Oak Ridge National Laboratory

HIGH-TEMPERATURE ABSORBENT FOR ABSORPTION HEAT PUMPS

Heat pumps are being used increasingly to

recover and recycle industrial process energy.

Particularly where high-temperature lifts are

required, chemical heat pumps (CHPs) are

potentially more efficient than mechanical heat

pumps. Their operating temperature range,

however, has previously been limited by the

operating temperature capabilities of the working

fluid. The goal was to identify and characterize a

chemically and thermally stable,

thermodynamically efficient working fluid for

high-temperature CHPs.

The chemical, physical, and thermodynamic

properties of inorganic solutions were examined

by searching the technical literature. The fluids

were screened for thermodynamic effectiveness,

favorable high-temperature corrosion properties,

chemical stability, and other attributes necessary

for the working fluid. Aqueous nitrate solutions

were determined to offer favorable properties,

and various combinations were examined and

measured to identify a fluid that satisfied the

technical requirements and was available at

moderate cost.

An aqueous solution containing a mixture of

lithium, sodium, and potassium nitrates was

developed that provides heat pump cycle

efficiencies comparable with those obtainable

with lithium bromide, but with significantly higher

temperature lifts and chemical stability beyond

260°C (500°F), as well as low corrosive attack to

mild steel container vessels. A full set of

measured and calculated solution properties was

developed to enable the performance of heat

pump cycles using this medium to be analyzed.

A satisfactory working fluid for high-

temperature industrial absorption heat pumps has

been identified and characterized. If working

demonstrations of CHPs operating on this fluid

are successful, the useful temperature range of

CHPs for process heat recovery should cover the

needs of most process industries.

Additional information:

National Technical Information Service

U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

W. F. Davidson and D. C. Erickson (Energy Concepts

Company), High-Temperature Absorbent for Absorption Heat

Pumps, ORNL/Sub/85-22013/1, Oak Ridge National

Laboratory (July 1986).
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Solar Pump
Heat from the sun would move liquid; no electrical or mechanical

input would be needed.

A proposed pump would move liquid by

the action of bubbles formed by the heat of

the sun. A tube of liquid having a boiling

point of 100 to 200 °F (38 to 93 °C) would

be placed at the focal axis of a cylindrical

reflector. Concentrated sunlight would boil

the liquid at the focus, and the bubbles of

vapor would rise in the tube, carrying liquid

along with them, much like the bubbles in

the stem of a percolator coffeepot. The

pressure difference in the hot tube should

be sufficient to produce flow in a large loop.

The pump could be used with a conven-

tional flat solar heating panel in a com-

pletely solar-powered heat-storage system

(see figure). The flat panel would heat a

large volume of liquid, and the solar pump
would add heat to boil it and move it to a

tank. A heat leak in the form of a thermal

contact between the cooler liquid entering

the flat panel and the hotter liquid leaving

the pump would remove enough heat to re-

absorb the bubbles in the liquid. The heat

leak is at the highest point in the loop to en-

sure that the buoyancy of the bubbles does

not interfere with the downward flow of liq-

uid.

A working model, heated by a flame ra-

ther than sunlight, has demonstrated the

feasibility of the concept. The model oper-

ates with a height of 3 ft (about 1 m).

This work was done by Charles Pique of

Martin Marietta Corp. for Marshall Space
Right Center.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel. Marshall

Space Flight Center Refer to MFS-28202
/77V

George C. Marshall

Space Flight Center
Marshall Space Right
Center, AL 35812
Technology Utilization

Officer: Ismail Akbay
Code AT01

(205) 544-2223

Patent Counsel:

Leon D Wofford, Jr

Mail Code CC01
(205) 544-0024

f _Wm<\ '1FT

Thermal
Contact

Fluid

Flow

Sunlight

.Parabolic

Reflector

Sunlight

Flat Solar

Panel

A Tube at the Focal Axis of a vertical

parabolic reflector heats liquid already

warmed by a conventional solar panel. The
additional heat is enough to form vapor

bubbles in the liquid and pump it to a
storage tank.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Computer
Software

Technology Application

Oil Market Simulation Model (OMS86)

Oil Market Simulation Model (OMS86). OMS projects future world oil prices and
world crude oil supplies and demands by region (the United States, Canada,
Japan, OECD-Europe, developing countries, and net Communist trade) on an an-

nual basis through the year 2000. The OMS Model is used as an adjunct to the

Petroleum Allocation Model. ..Software Description: The model is written in the

FORTRAN programming language for implementation on a IBM 3084 computer
using the MVS/XA operating system. Memory requirement is 1024 K bytes. The
software was developed by the Department of Energy, Energy Information

Administration.

For Additional Information:

For information about ordering this software, contact the

NTIS Federal Computer Products Center, NTIS, 5285 Port Royal Road, Spring- *

field, VA 22161; (703) 487-4763.
"

Refer to PB87-202388/NAC

Source tape is in the EBCDIC character set. This restricts preparation to 9 track,

one-half inch tape only. Identify recording mode by specifying density only.
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Technology Application

Oak Ridge National Laboratory

DYNAMIC INSULATION EFFICIENCY TESTER

An unguarded, absolute technique has been

developed to measure accurately the thermal

conductivity of thermal insulations and to obtain

data that describe their dynamic thermal

behavior. The technique, called the Dynamic

Insulation Efficiency Tester (DIET), yields the

thermal resistance of insulations as a function of

temperature in flat configurations (building and

industrial applications), cylindrical configurations

(pipe insulations), and asymmetric configurations

(duct insulations). For flat configurations an

electrically-heated, unguarded screen wire heater

yields one-dimensional heat flow to controlled

temperature boundaries because the low thermal

conductivity of the heater reduces unwanted

lateral heat flow (see Figs. 1 and 2). Because

heat flux reference standards are not required for

accurate measurements, this is an absolute

method. The system can yield temperature and

time data that provide information on transient

thermal behavior and any radiant heat transfer

component.

Future applications of this technique include

steady-state and transient studies of

commercially available thermal insulations and

those currently under development for building,

FLAT BOUNDING
SURFACES AT
TEMPERATURE TD / / /

/ /
/ S

/ /
/ /_^Z

Fig. 1. Thin heater apparatus concept.

industrial, and space applications. This technique

is applicable to construction material such as

wood, low-density concrete, and gypsum boards.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

D. L. McElroy et al., "A Flat Insulation Tester that Uses an

Unguarded Nichrome Screen Wire Heater," pp. 121-39 in

Guarded Hot Plate and Heat Flow Meter Methodology ASTM
STP 879, ed. C. J. Shirtliffe and R. P. Tye, American

Society for Testing and Materials, Philadelphia, 1985.
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Technology Application

Sandia National Laboratory

Mobile Robot System Could Patrol Interior Security
Areas

A mobile robot system that could be used as a roving

sentry to help safeguard materials inside high-security

buildings has been developed at Sandia National Lab-

oratories. A working model, which operates autono-

mously on programmed instructions or manually on

command from a remote control station, has been built

and demonstrated.

Sandia researchers say the robot system could be used

for several tasks—patrolling to detect intruders, testing

intrusion sensors, and checking areas near tripped

alarms to determine whether a security problem exists or

whether the sensor has sounded a false alarm. If a sensor

has failed, the robot can even apply its own sensors as a

temporary replacement.

The Sandia Interior Robot (SIR) system was origi-

nally designed primarily as a test instrument for evaluat-

ing various types of sensors and to help in developing

robot navigation algorithms—procedures for solving

mathematical problems relating to robot travel. The
ultimate goal was to develop an effective mechanical

sentry.

Two main elements comprise the current system—the

SIR mobile robot platform and a remote computer that

uses navigational software developed at Sandia.

The mobile platform contains an onboard central

processing unit (CPU) that handles data transmission

via a radio link to and from the computer and controls

the motors and sensors on the robot. A television camera

mounted on the platform sends pictures for human
viewing and interpretation to a TV monitor located with

the computer.

Several functions are performed by the personal-sized

computer (PC), all of which can be grouped into one of

two categories—high-level decisions or man/machine in-

terfacing.

High-level decision functions all deal with robot

navigation—path planning and execution, obstacle

avoidance, position estimation, and detection and elimi-

nation of positional errors.

Man/machine interfacing functions include transla-

tion and presentation of SIR-generated sensor data

for human interpretation and translation of human-
initiated commands, such as "go to room X," into instruc-

tions that the robot can "understand" and execute.

The SIR has two basic modes of operation—manual
and autonomous. In the manual mode, all functions are

controlled by an operator from a remote-control key-

board. In the autonomous mode, the three-wheeled SIR
independently performs a comprehensive task that it has

been programmed to do, such as patrolling inside a

building and transmitting the resulting TV pictures.

John J. Harrington, of Sandia's Advanced Technol-

ogies Division, was instrumental in designing the Sandia

Interior Robot system. "The processing unit, sensors,

guidance mechanisms, computer, and other hardware

parts are all 'off-the-shelf items," he says. "Our most

meaningful contributions to robotic technology are pri-

marily navigation algorithms that allow SIR to operate

in the autonomous mode."

The Sandia Interior Robot (SIR) can be used as a roving sentry

inside high security buildings. It can be operated autonomously

on programmed instructions or manually from a remote station.

John Harrington, seen here, was instrumental in designing the

SIR system.
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Navigates entire buildings

Mobile robots that can travel along a painted or

magnetic strip or from one beacon to another have

existed for several years, but the Sandia Interior Robot

can navigate entire buildings with no guidance other

than its onboard sensors and computer program.

Harrington explains: "We developed algorithms that

in effect free the robot to roam throughout a building

and perform some relatively complex tasks after we give

it a single initial command."
"SIR is even programmed to automatically return to

its battery charging station at the end of its shift, back up

against the charging contacts, and become recharged for

its next shift."

SIR navigates by combining information about the

building in which it operates—in the form of maps stored

in the computer memory—with new information gener-

ated by the onboard sensors and analyzed by the

computer.

Navigation sensors include 30 sonar range finders

aimed outward in all directions from the robot, an odom-
eter that measures how far the SIR is from its primary

reference (starting) point, and a steering position sensor.

The computer takes the information generated by the

sensors, examines it in relation to the stored maps, and

"informs" the robot via radio link how to continue on its

proper course and mission.

Has other task-related sensors

Motion-detection and other types of sensors are also

on board, but they are there to enable the robot to

perform its intended tasks, not to help it navigate.

The SIR is small—24 in. long, 17 in. wide, and just

over 21 in. tall, not counting the antenna which extends

upward about another foot. It weighs only 45 lb, has an

18-in. wheelbase, and is powered by a 12-V, 20-amp-hour
battery. The working model has a top speed of 2.5 ft per

second, a minimum turning radius of 22 in., and can

operate up to a mile from the computer.

Harrington emphasizes that the Sandia Interior Ro-

bot is a research model only, and that no commercial

manufacturing or marketing is anticipated at this time.

He says the navigation algorithms and other technical

information generated by the SIR project will be incor-

porated into other robotic systems being developed and

studied at Sandia.

Besides Harrington, the primary SIR development

team includes Paul R. Klarer, who helped build and test

the entire system; Robert H. Graham, who built the

electrical circuits; and Robert M. Workhoven, the project

leader.

The development and testing work on the Sandia

Interior Robot system was supported by the U.S. Depart-

ment of Energy's (DOE) Office of Safeguards and
Security.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 8



NAVY
Domestic Technology Transfer Fact Sheet

Computer Model Analyzes Tolerance to Damage

A computer model is being developed

by the David Taylor Naval Ship R&D
Center (DTNSRDC) to analyze the toler-

ance of surface ship combat systems to

combat-induced and self-inflicted

damage. The work is being done in sup-

port of the Navy's hull, mechanical, and

electrical (HM&E) design effort to im-

prove the survivability of surface ship

combat systems.

A damage-tolerance analysis shows

the effect of damage on vital auxiliary and

electrical systems and relates these

damage effects to the capability of the

ship to continue performing its combat

mission at a prescribed level. Designated

the Computer-Aided Design of Sur-

vivable Distributed Systems (CADSDiS)

model, DTNSRDC's analytical tool con-

sists of portable software to be used by

personnel at the activity responsible for

the ship design. The model's graphics

electrical module is now operating on

Digital Equipment Corporation VAX

computers at several Navy and Commer-

cial activities.

Because CADSDiS is highly interac-

tive, it becomes an integral part of the

design cycle; this is its major benefit.

Thus, damage-tolerance analysis infor-

mation is fed back to personnel design-

ing the ship within hours or days rather

than weeks or months. This computer

model will help ensure that the sur-

vivability principles of separation and

redundancy are incorporated into ship

design and are realized in the ship as

built.

For Additional Information:

Backup material on this effort is available

from:

Navy Domestic Technology Fact Sheet

Reader Reply Service

Code E211
Naval Surface Weapons Center

Dahlgren, VA 22448-5000

(703) 663-8921

Refer to 120703/TN

0176



IWNSATech Brief
National Aeronautics and
Space Administration

Langley Research Center, Hampton, Virginia

Licensing
Opportunity

Active Control of Transition and Turbulence
Lower skin-friction drag is achieved downstream of a turbulance trigger.

Two active means of manipulating

boundary-layer flow have been developed,

one controlling the laminar-to-turbulent

transition, the other controlling the ampli-

tude of the turbulent fluctuation. The pur-

pose is to control skin-friction drag over

surfaces inside inlets and ducts. The re-

sulting turbulence downstream has lower

skin-friction drag than does the equivalent

flow that develops over the same surfaces

in the absence of intervention.

The control mechanism consists of a

transition trigger and a turbulence con-

troller, as shown in the figure, actively

operated via a feedback mechanism with

an amplitude and time-response level suit-

able for triggering broad ranges of levels

and bandwidths. The transition trigger is a

heating strip or strips embedded in a ther-

mally neutral substrate mounted flush with

the surface. The controller is an acoustic

source placed above or within the surface.

This technique is used in the region of

favorable pressure gradient induced by a

convex curvature or by artificial means. In

this region, the flow stretches and be-

comes mostly receptive to such outside in-

fluences as surface heat or sound. Thus

one can easily trigger small- or large-ampli-

tude disturbances as well as imparl instant

transition. This coupling is utilized in a wind-

Turbulence-Amplitude

Controller

Transition

Trigger

Turbulence-Control Region • Surface

Region of

Favorable Pressure

Gradient

Flow Direction

Heating Strips Trigger Turbulence while the transition amplitude and bandwidth are con-

trolled by an acoustic signal.

tunnel experiment to trigger instant transi-

tion. In addition, feedback control by sound

interaction with the transitional flow pro-

duces a significant reduction in amplitude.

The results from the experiment indicate

that this is an effective way to control the

amplitude of the fluctuations at transition

and beyond. From this process, the result-

ing flow has lower-amplitude perturbations

and lower skin-friction drag.

This work was done by Lucio Maestrello

of Langley Research Center.

7ir?/s invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent

Counsel, Langley Research Center

Refer to LAR-13532. /TN

Langley Research Ctr.

Hampton, VA 23665

Technology Utilization

Officer: John Samos
Mail Stop 139A

(804) 865-3281

Patent Counsel:

George F Helfrich

Mail Code 279

(804) 865-3725

i

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

t
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Charcoal/Nitrogen Adsorption Cryocooler

A refrigerator with no wear-related moving parts produces 0.5 W of cooling at 1 1 8 K.

A cryogenic refrigerator powered by ad-

sorption compressors is nearly immune to

wear and generates negligible vibration.

When fully developed, the refrigerator will

need no electrical power, and with a life ex-

pectancy of more than 10 yr, the refrigera-

tor could operate unattended to cool sen-

sitive infrared detectors for long periods. In

a laboratory demonstration, the refrigera-

tor provided 0.5 W of cooling at 118 K and

achieved temperatures as low as 100 K.

The cryocooler (see figure) uses activat-

ed charcoal to absorb and release nitrogen

alternately. When the charcoal is cooled, it

physically absorbs nitrogen. When it is

heated, it releases nitrogen at high pres-

sures.

By alternately heating and cooling four

canisters filled with charcoal, the cryocool-

er generates a nearly continuous flow of

high-pressure nitrogen. The gas flows

through a precooler and a recuperative

heat exchanger, then expands to low pres-

sure through a Joule-Thomson valve, cool-

ing to 118 K and partially liquefying as it

does so. The gas returns through the heat

exchanger (where it picks up heat surren-

dered by the inflowing gas) to the canisters

for repressurization.

The only moving parts in the cryocooler

are highly reliable, self-actuated check
valves. The valves operate at room tem-

perature and at low frequency (about once
every 2 min).

In the laboratory demonstration, the

charcoal was cooled to - 30 °C by metha-

nol flowing through a jacket surrounding

the canisters. The charcoal was heated to

100 °C by electrical film heaters bonded to

the canisters. The nitrogen was com-
pressed from 320 to 810 lb/in.

2 absolute

The Only Moving Parts in the adsorption

cryocooler are check valves. As the char-

coal is cooled in a canister, the gas pressure

drops, allowing the inlet check valve to open
and admit more nitrogen. When the canister

is heated, the pressure rises, closing the in-

let valve and eventually opening the outlet

valve.

Joule-Thomson

Valve

Liquid

Nitrogen
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(2.2 to 5.6 MPa). About 150 W of input

power was needed to provide 0.5-W cool-

ing. In a fully developed unit, the input

power could be reduced to below 50 W.

The canisters would be cooled by small

passive radiators and heated by direct

solar energy or the waste heat of a power

source.

A temperature of 80 K can be achieved

by changing the operating pressures and

adding another stage of compressors.

Various other gases, such as methane,

helium, and hydrogen can also be used

with charcoal to achieve a wide range of

cooling temperatures. The charcoal/ni-

trogen cryocooler can also be used as an

upper stage in a cascade refrigeration

system, yielding an ultimate lower-stage

temperature of less than 4 K.

This work was done by Steven Bard of

Caltech for NASA's Jet Propulsion Lab-
oratory. NPO-16786 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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High-Lift, Low-Pitching-Moment Airfoils

Two families of airfoil shapes improve rotor performance.

RC(4)-10

_— RC(5)-10

In wind-tunnel tests, two families of air-

foil shapes perform better than prior air-

foil sections. These improvements were
sought to enhance the performances of

helicopters and other rotorcraft but are

also applicable to aircraft propellers. The
airfoil shapes are best suited for an inboard

segment of a rotor blade.

Rotor-blade aircraft put special de-

mands on rotor airfoils because of the

combined rotational and linear motion. For

instance, on a single revolution of a rotor,

an airfoil section can experience lift coeffi-

cients from negative values to the maxi-

mum positive value and section mach
numbers from subsonic to transonic

values. The airfoil profiles shown in

Figure 1 are two members of the airfoil

families that have the desired characteris-

tics of an inboard section of a rotor-blade

airfoil. Even the small difference in shape

shown here results in significant dif-

ferences in performance, and both

families of airfoils have demonstrated
substantial improvement in performance

over prior airfoil shapes.

An airfoil of either family is one that

could be produced by the combination of

the camber line shown in the lower part of

Figure 2 and a thickness distribution

shown in the upper part of Figure 2, or one

scaled from those shown. An airfoil of

either family has a particular upper and

lower surface shape that results in a

unique and improved aerodynamic perfor-

mance. The specific shapes of the airfoil

profiles in both families simultaneously per-

mit high maximum lift coefficients at mach
numbers up to 0.50, low pitching-moment

coefficients about the quarter chord for lift

coefficients from -0.2 to 1.0 at mach
numbers up to 0.63, and high drag-diver-

gence mach numbers at lift coefficients

from 0.0 to 0.30.

j
_

Figure 1. These Airfoil Profiles represent two members of the improved airfoil families.

O)
c
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Figure 2. Three Representative Airfoils of the two airfoil families have these thickness and
camber distributions. The camber distribution is common to all members of both families.
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This work was done by Kevin W.

Noonan of Aerostructures Directorate,

U.S. Army Aviation Research and Tech-

nology Activity — AVSCOM, located at

Langley Research Center

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent

Counsel, Langley Research Center

Refer to LAR-13215. /TN
Langley Research Ctr.

Hampton, VA 23665
Technology Utilization

Officer. John Samos
Mail Stop 139A
(804) 865-3281

Patent Counsel:
George F. Helfrich

Mail Code 279

(804) 865-3725

(

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241
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Lumped-Parameter Representation of Wind Tunnel
A hybrid analog and digital model simulates performance.

The mathematical model of a proposed

wind-tunnel facility represents the wind-

tunnel circuit and associated equipment in

terms of lumped-parameter components.

The model requires much less computa-

tional effort and computing time than

would a full three-dimensional aerodyna-

mic computer analysis of the system with

many volume elements. Nevertheless, the

lumped-parameter representation approxi-

mates the distributed nature of the wind

tunnel well enough to simulate the steady-

state and transient behavior for the

analysis of proposed control subsystems

and for the training of operators.

The wind-tunnel circuit is divided into

five lumps (not counting the fan) governed

by nonlinear equations. Integrated into the

circuit model are representations of the

air-supply, exhaust, refrigeration, fan-drive,

and other systems (see figure), each of

which is represented by a set of transfer

functions.

For each wind-tunnel lump, ordinary dif-

ferential equations are written for the rate

of change of mass flow, mass density, and

energy storage in each of two half-lump

volumes: these equations are one-dimen-

sional statements of the conservation of

momentum, mass, and energy, respective-

ly. Since the lumps are contiguous, each

pair of half-lump volumes from adjacent

lumps can be combined into one flow

volume, in which the rates of change of

mass and energy are computed. The half-

lump volumes on either side of the fan can-

not be combined: consequently, the five

lumps give rise to six flow volumes.

The frictional pressure drop in each

volume is approximated by the product of a

constant coefficient, the ratio of length to

diameter, and the kinetic-energy density in

the volume. Auxiliary equations are used to

calculate the pressures, temperatures,

and mach numbers of interest at various

places around the tunnel. The airflow

through the fan is taken from a two-dimen-

sional representation of the fan perform-

Pset

I

'set

Tunnel-
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Control

Tunnel-

Temperature

Control

IT

ion-Trap

Temperature
iSontroi

Refrigeration

Subsystem

Flow
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ust-Air
j

Exhaust j--^

Definitions

m = Rate of Mass Flow

P = Pressure

T = Temperature

VF = Voltage and Frequency

N = Rotational Speed
A = Valve Area

6 = Rate of Heat Flow

Physical Quantities

Electrical Measurements
of Commands

Exhaust-

Subsystem
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Plenum-Evacuation

System
Re-Entry Air

Test Section

A Lumped-Parameter Circuit Model represents the wind tunnel and the associated equipment. The model can be implemented on analog or

digital computers to simulate wind-tunnel performance without risk to operators or equipment.
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ance as a function of the pressu re ratio and

the rotational speed.

The subsystem models and their con-

trols are all implemented on two analog

computers: digital equipment is used only

for the initiation and verification of the

analog computers and for the collection

and display of data. The steady-state simu-

lation data agreed well with performance

data calculated by a detailed program for

steady-state performance of the wind tun-

nel. The simulated dynamic response

agreed reasonably well with the dynamic

response predicted by a distributed, wave-

equation model: the use of the lumped-

parameter model would result in conserva-

tively designed controls.

This work was done by Susan M. Krosel,

Gary L Cole, William R. Bruton, and John

R. Szuch of Lewis Research Center. Fur-

ther information may be found in NASA
TM-87324 [N86-27036/NSP], [A03] "A

Lumped Parameter Mathematical Model
for Simulation of Subsonic Wind Tunnels.

'

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161, LEW-14515
/TN

(

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241
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Sealed Joints for Hard Suits or Robots
Developed for space suits, the joint principle has other applications.

A double-walled joint allows relative

movement, including rotational move-

ment, between members while sealing

the interior from the external environ-

ment. Developed for shoulder-to-arm and

hip-to-leg connections in space suits, the

joint may also be used on diving suits and

on manipulation sleeves for autoclaves

and high-vacuum boxes. It can be used

as a protective cover for articulated

torque drives in hostile environments.

The outer wall of the joint is made of a

hard material, such as rigid plastic or

metal, in the form of toroidal sections.

The outer sections rotate on ball bearings

in cylindrical flanges on their ends. The in-

ner wall is a bellowslike sleeve. Each sec-

tion of the outer wall can turn indepen-

dently of the other sections, clockwise or

counterclockwise, through angles up to

360°

The inner wall does not rotate with the

outer sections but expands and contracts

locally to accommodate their rotation.

The inner wall thus maintains a seal,

while the outer wall protects against

mechanical damage. Together, they al-

low the wearer to move with minimal hin-

drance.

In a shoulder/arm joint, for example,

three sections of progressively smaller

size are used (see figure). The ends of the

sections are circular and lie on intersec-

ting planes. Each section has two ball-

bearing races. Because the sections

have differing diameters, a sidewall ex-

tends from the edge of a larger section to

the ball-bearing race that joins it to an ad-

jacent smaller section. Thus, each side-

wall has an eccentric circular aperture

that is concentric with an inner ball-

bearing race. A flange at the outer diame-

ter of the sidewall forms the race of the

larger ball bearing of the larger section.

Another flange at the smaller eccentric

hole on the sidewall forms the smaller

ball-bearing race, that joins the larger

section to the smaller section.

An inner bellows wall is positioned

within each outer wall section. A bellows

is connected to its respective outer sec-

A Shoulder-to-Arm Joint allows a wearer to move with considerable freedom while sealing the wearer from the outside environment. The in-

ner wall, which is a set of bellows, is generally compressed at the inner arm and expanded at the outer arm, but the degree of compression or

expansion changes continuously as the arm moves.
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tion by welding, brazing, or adhesive

bonding it to attachment flanges. This

connection and O-rings hermetically seal

the interior of the joint. The space be-

tween a bellows and its outer wall may
contain thermal insulation or radiation

shielding.

Comfort rings protect the wearer from

chafing against the flanges of the outer

wall sections. They are made of a rub-

berlike material.

The topmost outer wall section is

coupled to the shoulder piece by a ball

bearing. Thus, this wall section can rotate

with respect to the shoulder piece. Its

bellows section, however, does not rotate

with respect to the shoulder piece; an

O-ring and a retaining wire prevent

relative motion between the bellows-

attachment flange and the interior ball-

bearing race of the joint. Similarly, the

succeeding sections of outer wall are

free to rotate with respect to each other.

Their bellows, however, are restrained by

O-rings and retaining wires. Each bellows

remains stationary with respect to the

shoulder piece. Instead of rotating, the

bellows undergo local compression and

expansion changes as the wearer moves
the arm. The sections can be removed

and added for replacement or to shorten

or lengthen the joint. When the retaining

wires are in place, the sections are held

securely together. When a retaining wire

is withdrawn, however, the adjacent sec-

tion can be removed. When a new sec-

tion is added, the wire is reinserted and

holds the new section in place.

This work was done by Hubert C.

Vykukal of Ames Research Center.

This invention is owned by NASA, and

a patent application has been filed. In-

quiries concerning nonexclusive or ex-

clusive license for its commercial
development should be addressed to the

Patent Counsel, Ames Research Center

Refer to ARC-1 1534. /TN

Ames Research Ctr.

Moffett Held, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

(415)694-5104
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Analysis of Solar Electrical

and Thermal Systems

A computer program analyzes

the areas, weights, and costs

of five basic systems.

A report describes a computer program

for the parametric analysis of alternative

ways of generating heat and electrical

power on a satellite or spacecraft. The pro-

gram, called the Solar Space Power Analy-

sis Code (SOSPAC), examines the changes

in area, weight, and cost of the generator

system for changing conditions, in particu-

lar for changes in the ratio of thermal to

electrical outputs.

SOSPAC applies to the following five

types of generator systems:

1

.

Photovoltaic array;

2. Parabolic dish for generating electricity

only;

3. Photovoltaic array for electricity and

parabolic dish for heat;

4. A single dish for electricity, with excess

power used for heat; and

5. A dish for electricity and another for

heat.

By the insertion of a few statements, the

program can be modified easily to add new
combinations of photovoltaic and parabol-

ic-dish systems.

The inputs to the program are data on

the required electrical and thermal power,

Sun and shade durations, distance to the

Sun, and weights and costs of subsystems

and components. The program structure

allows elaboration of subroutines for com-

ponent and subsystem performance with-

out changes in the main code.

The report outlines the SOSPAC execu-

tion procedure and presents a sample set

of input data. It gives an example of mass
and area calculations for the sample data

for each type of generator system and il-

lustrates the results with a variety of charts.

This work was done by M. Kudret Selcuk

of Caltech for NASA's Jet Propulsion

Laboratory. To obtain a copy of the report,

"Development ofa Computer Code to Ana-

lyze Solar Thermal/Electric Space Power

Options," NPO-16844/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Six-Degree-of-Freedom Vibration Suppressor
Helicopter vibration is reduced 95 percent from the rotor hub to the pilot's seat.

The development of methods for reduc-

ing helicopter vibrations has been an im-

portant subject of research because vibra-

tions have an adverse effect on helicopter

airframe fatigue life, electronic-equipment

failure rates, and crew and passenger

comfort. In some cases, vibrations can

limit the forward speed of the aircraft. A
promising new system, the total-rotor-iso-

lation system (TRIS) that employs liquid-

inertia vibration-eliminator (LIVE) units, has

been designed to isolate all six degrees of

freedom of aircraft-fuselage dynamic re-

sponse from the continuously changing

airloads developed by the rotor.

Each LIVE unit is a two-cylinder, two-

reservoir, tuned-port arrangement that

uses liquid mercury as a hydraulic fluid.

The figure shows a LIVE unit schematically

in cross section. An inner cylinder is bond-

ed to an outer cylinder with a layer of rub-

ber, as in a coaxial-bushing rubber spring,

fop and bottom cavities are enclosed, cre-

ating reservoirs for the mercury. The inner

Inner

Cylinder
i
''A
^

Rubber
Spring' 2

Liquid

Mercury

"-HI

7ZZZZZZZZZZZ

m%nv//////mm

Outer

Cylinder

Pylon

Attachment

Fuselage

Attachment

cylinder is attached to the fuselage. The

hole, or tuning port, through the inner

cylinder connects the upper and lower re-

servoirs.

A verification study was conducted in

flight to demonstrate 90-percent (or great-

er) isolation of the helicopter fuselage from

force and moment inputs at the rotor hub,

at the blade-passage frequency, for the

TRIS-configured Bell 206LM helicopter

used as the test bed. By using six

pinned/pinned isolator links attaching the

pylon to the fuselage (This can be done in

any configuration that is statically stable in

all six degrees of freedom), every attach-

ment isolated the blade-passage frequen-

cy, and no oscillatory loads were transmit-

ted in any degree of freedom.

The TRIS proved very effective in reduc-

ing vibration levels. The results of flight

tests generally indicated at least a 95-per-

cent reduction in vibration levels from the

rotor hub to the pilot's seat. Also, the

helicopter could be flown at maximum
continuous power with no discomfort, at a

speed approximately 15 mi/h (6.7 m/s)

faster than the speed at which a pilot nor-

mally cruises the unmodified helicopter.

This work was done by Dennis R.

Halwes of Bell Helicopter Textron, Inc. for

Langley Research Center. LAR-13581 /TN

The Vibration Suppressor uses liquid mercury to damp vibrations.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241
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Wind-Tunnel Capability at

Ames Research Center

Current facilities and planned

improvements are described.

A report describes the $700 million

wind-tunnel complex at Ames Research

Center, including auxiliary support

systems, test instrumentation, and special

test rigs. Planned near-term facility im-

provements aimed at providing new test

capabilities and increased productivity, as

well as some potential longer-term im-

provements, are also discussed.

The aerodynamic test facilities at Ames
range from subsonic wind tunnels to high-

enthalpy arc jets. Some of these facilities

are atmospheric, whereas others are vari-

able-density facilities providing increased

Reynolds-number test-range capability.

Among the facilities described are the

following:

• A 40- by 80-ft (12.2- by 24.4-m) closed-re-

turn wind tunnel used to test full-scale air-

craft and Space Shuttle models from

speeds of to about 300 kn (154 m/s);

• An 80- by 120-ft (24.4- by 36.6-m) wind tun-

nel, scheduled to begin testing in 1987,

that will have a maximum airspeed capa-

bility of about 100 kn (51.4 m/s);

•The Outdoor Aerodynamic Research Fa-

cility, used to obtain ground-based hover

and acoustical data on full- or small-scale

rotorcraft and vertical/short-takeoff-and-

landing aircraft and propulsion systems;

• The Anechoic Hover Test Chamber, used

to test rotors up to full-scale tip speeds to

explore their aerodynamic, acoustic, and
dynamic characteristics;

•The 12-ft (3.7-m) Pressure Wind Tunnel,

which has a uniquely broad Reynolds-

number range (0 to 107) over the mach-

number range of to 0.4 (This variation

in the Reynolds number is achieved

through changes in the stagnation pres-

sure of the facility, currently limited to 4.5

atm (0.46 MPa) absolute;

• The Unitary Plan Wind Tunnel Complex,

which enables a common model to be
tested throughout the entire mach-num-
ber range from 0.4 to 3.5;

•The 3.5-ft (1.1-m) Hypersonic Wind Tun-

nel, a closed-circuit blowdown facility

that uses interchangeable, contoured,

axisymmetric nozzles to provide testing

at three mach numbers, nominally 5, 7,

and 10;

•The Aerodynamic Heating Facility, a hy-

personic (mach 3 to mach 15) wind tun-

nel driven by an arc heater with powers
up to 20MW [This tunnel can be operated
at stream enthalpies of 500 to 15,000

Btu/lb (1.2 to 35 MJ/kg) and at stagnation

pressures of 0.005 to 5.0 atm (500 to

500,000 Pa)];

•The High-Power C0
2
Gasdynamic Laser,

a combustion-driven laser capable of

producing radiative energy at a wave-

length of 10.6 Mm;
•The 20-MW Panel Test Facility and the

60-MW Interaction Heating Facility used
for studies of aerodynamic heating in the

thermal environment resulting from the

interaction of a flow field with an irregular

surface;

• The Giant Planet Facility, driven by a

constricted-arc heater capable of operat-

ing for about 30 s at powers up to

100 MW, used to simulate a thermal envi-

ronment such as would be encountered

in the Jovian atmosphere;

• The High Enthalpy Entry Facility, a

scaled-up version of the Giant Planet

Facility, that can operate at power levels

up to 150 MW. The combined heating

level that can be imposed on a test

specimen is 20 kW/cm 2— 12 kW/cm 2

convective and 8 kW/cm2 radiative;

•Support facilities including a high-pres-

sure air system, a balance-calibration

laboratory, a propulsion-simulator

calibration laboratory, and a standard-

ized wind-tunnel data-acquisition system.

This work was done by C. T. Snyder and

L L. Presley of Ames Research Center

To obtain a copy of the report, "Current

Wind Tunnel Capability and Planned Im-

provements at NASA Ames Research
Center,

"

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Ames Re-

search Center Refer to ARC-11720 /TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:
Darrell G Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241
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Software

Calculating Wave Drag
on an Aircraft

An improved program

is based on a more-

accurate mathematical

model.

WDRAG2 calculates the supersonic

zero-lift wave drag of complex aircraft con-

figurations. WDRAG2 incorporates extend-

ed capaPilities for geometric input to enable

the use of a more-accurate mathematical

model. With WDRAG2, the engineer can de-

fine aircraft components as fusiform or non-

fusiform by the use of traditional parallel

contours.

The geometrical construction can in-

clude any combination of the following com-

ponents: wings, body, pods, fins, and

canards. The body can consist of arbitrary

contours, while such other fusiform com-

ponents as pods or nacelles must be axi-

symmetric. The wing can include camber

and twist. This program allows only laterally

symmetrical configurations. (The WAV-
DRAG program, available separately from

COSMIC, can handle laterally asymmetrical

configurations but requires much greater

time and computational resources.)

The calculations in WDRAG2 are based

on Whitcomb's area-rule computation of

equivalent bodies, with modifications for

supersonic speed using the von Karman

slender-body formula. Instead of using a

single equivalent body, WDRAG2 calculates

a series of equivalent bodies, one for each

roll angle. The total wave drag on the aircraft

of the specified configuration is the in-

tegrated average of the equivalent-body

wave drags through the full roll range of

360°.

The input consists of user-defined com-

ponents, the mach number, the desired

numbers of longitudinal computation sta-

tions and roll angles, and optional constraint

and optimization inputs. The program warns

of body-line segments having slopes larger

than the mach angle. WDRAG2 calculates

the wave drag of the specified aircraft con-

figuration as well as an optimum wave drag

for specified constraints.

WDRAG2 is written in FORTRAN IV for

batch execution and has been implement-

ed on a CDC CYBER 170 computer under

NOS with a central-memory requirement

of approximately 61 K (octal) of 60-bit

words. The program was developed in

1976.

This program was written by Samuel M.

Dollyhigh and Charlotte B. Craidon of

Langley Research Center.

LAR-13634/TN

FOR ADDITIONAL INFORMATION
CONTACT:

COSMIC®
112 Barrow Hall

University of Georgia

Athens, GA 30602

(404) 542-3265
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Coatings Show Laminar Boundary-Layer Transitions

Color changes in liquid crystals reveal changes in shear stress.

The visualization of the laminar-to-

turbulent boundary-layer transition plays

an important role in flight and in wind-

tunnel aerodynamic testing of aircraft wing

and body surfaces. A new method, utilizing

liquid-crystal coatings, provides a means

to visualize this transition in flight. The dif-

ference in levels of relative shear stress or

skin friction between laminar and turbulent

boundary layers is about one order of mag-

nitude; turbulent skin friction can be about

10 times as great as laminar skin friction.

This difference in skin friction is the

physical parameter to which the liquid

crystals respond. The transition can be

measured and documented on aircraft in

flight at altitudes above 20,000 ft (6,100 m),

up to at least 50,000 ft (15,000 m) at sub-

sonic and supersonic speeds. The tech-

nique has rapid response and is reversible;

it has the capability of indicating an

unlimited number of transition locations

during a single flight.

Liquid crystals belong to a peculiar state

of matter between solid and liquid in which

molecules are elongated in one direction.

Although they appear as oily liquids, they

have certain properties of solid crystals. In

particular, they scatter light very selective-

ly. Because of their peculiar molecular

structure, liquid crystals change colors in

response to changes in shear stress, tem-

perature, ferromagnetism, and chemical

vapors. Since its chemical structure is

unaffected by these changes, a liquid-

crystal coating will respond repeatedly to

the same physical changes.

Available liquid crystals include those

that operate at virtually all altitudes and

speeds of interest in flight applications and

which can be formulated to change colors

across the entire visible spectrum, from

red to violet, over a temperature range as

small as 1.8 °F (1 °C) or as large as 90 °F

(50 °C). For flight applications, it is usually

desirable to use formulations with as wide

a temperature band as possible to allow for

transition measurements over a large

range of altitudes in one flight. With care,

the liquid crystals can be used to indicate

the locations of such other aerodynamic

phenomena as shock locations and lami-

nar-separation bubbles. Since the re-

sponse time of a liquid crystal coating can

be less than 0.2 second, real-time observa-

tions of transition motions with changing

flight conditions are possible.

Various application techniques are ef-

fective. The best visual and photographic

results have been obtained by using the

liquid-crystal coatings applied over flat

black surfaces, although good transition

patterns have been observed on other

dark-colored backgrounds as weli.The liq-

uid crystal material can be applied by hand

rubbing, with a brush, or by spraying. It is

important that the coating have uniform

thickness for maximum clarity in transition-

V

Liquid Crystals on the Wlnglet clearly shown the laminar-to-turbulent boundary-layer transi-

tion, at an altitude of 48,000 ft (14,600 m).
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pattern development. Coatings that are too

thick will run under aerodynamic loading,

and thicker coatings can affect the transi-

tion location. Although a single coating can

be used repeatedly, liquid crystals are sen-

sitive to ultraviolet light and can eventually

cease to operate.

The figure shows transition on a Lear-jet

winglet in flight using a chiral nematic liq-

uid crystal coating on a flat black back-

ground. This particular formulation had a

temperature-response range beginning at

- 22 °F ( - 30 °C), and the flight conditions

were an altitude of 48,000 ft (14,600 m) at

mach 0.8. Percent chord location mark-

ings appear at the lower edge of the black

region, and the transition is indicated clear-

ly by a color change near the 60-percent

chord location. The wedge-shaped tur-

bulent region near the winglet tip was
caused by an intentional roughness trip.

Excellent correlations have been observed

between the transition indicated by liquid

crystals and the transition indicated by

other methods, including sublimating

chemicals, oil flow, and hot films. Liquid

crystal coatings are also useful for wind-

tunnel and water-tunnel testing and can

provide indications of shock-wave loca-

tions.

Results can be recorded on still or mo-

tion photographic film or on video tape. The

best results were obtained with lighting

emanating from behind the viewer and

camera and onto the coated surface. The

use of a polarizing filter on the camera lens

provides improved color rendition under

many lighting conditions. Even with less-

than-optimum lighting angles for the

camera, transition locations are still readily

discernible by the human eye.

This work was done by Bruce J. Holmes,

Peter D. Gall, Cynthia C. Croom, Gregorys.

Manuel, and Warren C. Kelliherof Langley
Research Center. Further information

may be found in NASA TM-87666[N8&
21518/NSP], [A02] "A New Method for

Boundary Layer Transition Visualization In

Flight— Color Changes in Liquid Crystal

Coatings.

"

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent
Counsel, Langley Research Center

Refer to LAR-13554 /TN

Langley Research Ctr.

Hampton, VA 23665
Technology Utilization

Officer: John Samos
Mail Stop 139A
(804) 865-3281

Patent Counsel:
George F. Helfrich

Mail Code 279

(804) 865-3725

I
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»EPA Project Summary
DRASTIC
A Standardized System for Evaluating Ground Water Pollution

Potential Using Hydrogeologic Settings

A methodology is described that will

allow the pollution potential of any
hydrogeologic setting to be systemat-
ically evaluated anywhere in the United

States. The system has two major
portions: the designation of mappable
units, termed hydrogeologic settings,

and the superposition of a relative

rating system called DRASTIC.
Hydrogeologic settings form the

basis of the system and incorporate the

major hydrogeologic factors which
affect and control ground-water move-
ment including depth to water, net

recharge, aquifer media, soil media,
topography, impact of the vadose zone
media and hydraulic conductivity of the
aquifer. These factors, which form the
acronym DRASTIC, are incorporated
into a relative ranking scheme that uses
a combination of weights and ratings

to produce a numerical value called the
DRASTIC Index.

Hydrogeologic settings are combined
with DRASTIC Indexes to create units

which can be graphically displayed on
a map. The application of the system
to 10 hydrogeologically variable coun-
ties resulted in maps with symbols and
colors which illustrate areas of ground-
water contamination vulnerability. The
system optimizes the use of existing

data to rank areas with respect to

pollution potential to help direct inves-

tigations and resource expenditures
and to prioritize protection, monitoring
and clean-up efforts.

The full report was submitted in

partial fulfillment of Contract No. CR-
81 071 5-01 by the National Water Well
Association under sponsorship of the
U.S. Environmental Protection
Agency. This report covers a period
from October 1983 to March 1987,
and work was completed as of April

1987.

2 Alluvial Basins

II

500 Miles
' \

'

r

800 Kilometers

Figure 1 .
Ground- Mater regions of the United States IAfter Heath. 1 984/
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Introduction
This research project was designed to

create a methodology that will permit the

ground-water pollution potential of any
hydrogeologic setting to be systemati-

cally evaluated anywhere in the United

States. The methodology has been
incorporated into a standardized system
that can be readily displayed on maps
using existing information. The concepts

inherent to the system were developed

assuming a contaminant with the mobil-

ity of water, introduced at the surface

and flushed into the ground water by

precipitation. The methodology is

designed to evaluate ground-water
pollution potential from a regional

perspective and should be applied to

areas 100 acres or larger in size.

Conclusion
The system presents a simple and

easy-to-use approach to assess the

ground-water pollution potential of any

area. Although the final system appears

simplistic, the system actually includes

many complex concepts and relation-

ships Before an attempt is made to make
full use of this system, the user must

develop an appreciation for the complex-
ity of evaluating ground-water pollution

potential. It is not necessary to under-

stand every concept in detail, but the

greater the depth of understanding, the

more useful the system becomes.
DRASTIC produces mappable results

that provide a basis for the comparative

evaluation of areas with respect to the

potential for ground-water pollution.

DRASTIC should not be used for site

specific investigations, but is best applied

on a regional basis to areas greater than

100 acres in size. DRASTIC is designed

to assist individuals with resource

allocation and prioritization of many
types of ground-water related activities

as well as to provide a practical educa-

tional tool

I

Lmda Alter. Truman Bennett. Jay H Lehr Rebecca Petty and Glen Hacketf
are with National Water Well Association. Dublin. OH 430 J 7

Jerry Thornhilt is the EPA Project Officer (see below}
The complete report, entitled DRASTIC A Standardized System for Evaluating

Ground Water Pollution Potential Using Hydrogeologic Settings. (Order No
PB 87 213 914/AS. Cost $48 95. subject to change) will be available only

from
National Technical Information Service

5285 Port Royal Road
Springfield. VA 22161
Telephone 703 487 4650

The EPA Project Officer can be contacted at

Robert S Kerr Environmental Research Laboratory

U S Environmental Protection Agency
Ada. OK 74820

<

<



United States
Environmental Protection
Agency

Hazardous Waste Engineering
Research Laboratory
Cincinnati OH 45268

Research and Development

oEPA Project Summary

Separation of Dilute Hazardous Organics by Low
Pressure Composite Membranes

•

The use of membrane processes for

waste purification and volume reduction

is gaining considerable attention in

many industries. For hazardous wastes
containing priority organics and salts,

reverse osmosis membranes can provide

simultaneous separation of both or-

ganics and inorganics. The industrial

development of non-cellulosic, (aro-

matic polyamide, sulfonated polysul-

fone, etc.) thin-film, composite mem-
branes has provided a means for reverse

osmosis treatment with high solute

separations and minimal compaction
problems.

The separation of dilute hazardous
organics was accomplished through this

project utilizing thin-film, composite,
aromatic polyamide membranes. This

technique offers advantages in terms of

high solute separation at low pressures
(1-2 MPa (145-290 psi)) and broad pH
operating ranges (pH 2 to 12). The
synthetic organic waste solutions used
in this study include polyaromatic
hydrocarbons (PAH), phenol, chloro-

phenols, nitrophenols, and chloroben-

zenes. The actual organic waste solution

was obtained from the site of a former
wood treatment processing plant in

Texas and was known to contain
chlorophenols. The membrane showed
excellent stability over long periods of

time. Standard NaCI rejections were
97-99% and the average pure water
flux at 2.068 MPa (300 psi) was about
14 x 10 4 cm 3/cm 2

s (5.5 x 10 4
in

3
/in

2

Introduction

Industries engaged in organic chemical
manufacturing use contact process water,

and the spent aqueous wastes often con-
tain various hazardous priority pollutants

Of the 272-363 million metric tons (300
to 400 million short tons) of industrial

solid wastes generated in the United

States each year, it is estimated that 38
million metric tons (42 million short tons)

are hazardous. Sixty-two percent of this

waste is generated by the chemical pro-

ducts industry. Another source of aqueous

hazardous waste is from unsecured in-

dustrial waste storage and from disposal

site leachate. These contaminants are

diverse in composition and concentration,

and contain a broad spectrum of priority

organics. Generally, the term hazardous

or toxic organics includes synthetic or-

ganic compounds such as pesticides,

herbicides, PCBs, and chlorinated hydro-

carbons Many contaminant streams are

relatively dilute and thus a concentration

step prior to detoxification or disposal

may be necessary

There are several techniques that have

been used to treat dilute aqueous wastes.

These include biological treatment,
chemical coagulation, carbon adsorption,

resin adsorption, stripping, and membrane
processes. Using membrane processes

for waste purification is gaining con-

siderable attention in many industries.

Membrane transport mechanisms range

from molecular diffusion in solids that

are liquid-like to tortuous viscous flow

through microporous polymers. The three

major membrane processes for water and
wastewater treatment are electrodialysis,

reverse osmosis, and ultrafiltration

Reverse osmosis can remove salts, or-

ganics and ionic species. Ultrafiltration

removes solute species primarily based
on molecule sizes of 10-200 A (3.9 x 10 8

- 7.9 x 10 7
inches) Electrodialysis

separation is based on ionic charge of the

solute The reverse osmosis process

separates solutes based on relative dif-

fusivities of the solutes through the

membrane (molecule size of 2-10 A (7.9

x 10 9
- 3.9 x 10 B

inches)) at a given

pressure differential

Conclusions
This study of thin-film composite mem-

branes for the separation of selected

classes of hazardous organic compounds
has proven quite effectively the benefits

of such a process This particular waste
treatment technique offers definite ad

vantages in terms of high solute separa-

tion at low pressures, insignificant

compaction problems, and broad pH
operating ranges (pH 2 to 12) The
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aromatic polyamide membrane showed
excellent stability over long periods of

operating time with respect to permeate
water flux and rejection quality. A surface

force-pore flow model was utilized to

predict rejections of various phenolic

compounds.

D Bhattacharyya. Theresa Barranger. Milan Jevtttch, and Suianne Greenleal
are with Department of Chemical Engineering at the University of Kentucky.
Letington. KY 405060046

John F. Martin is the EPA Project Officer (see below/
The complete report, enntled "Separation of Dilute Hazardous Orgamcs by Low
Pressure Composite Membranes." (Order No. PB 87-214 870 /AS: Cost
518.95. sub/ect to change! will be available only from:

National Technical Information Service

5285 Port Royal Road
Springfield. VA 22161
Telephone: 703-487-4650

The EPA Officer can be contacted at

Hazardous Waste Engineering Research Laboratory

U.S. Environmental Protection Agency
Cincinnati. OH 45268
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Navy Manufacturing Technology

AM^F Automated Manufacturing Research Facility

National Bureau of Standards, Gaithersburg, MD 20899

Material Buffering Controller

ii

Research engineers working at the

AMRF's Horizontal Workstation

(HWS) have designed, developed, and

implemented a unique control strategy

to incorporate material buffers into

automated factories.

A material buffer serves as an inter-

face between a workstation and the

factory-wide material handling system.

The system implemented at the HWS
controls a Kardex tray storage device

that can store up to thirty trays and

replaces a pair of roller tables that

could store only two trays.

Controlling the new device for

automated workstation tasks proved

to be much more complex than

controlling the simpler roller tables.

Integrating the buffering device re-

quired incorporating a new equipment-

level controller, a Material Buffering

Controller (MBC), that has command

and status interfaces to the Kardex
controller, accommodates the unique

position of a material buffer in a

factory, and is consistent with hier-

archical control principles.

Equipment components of a hier-

archically structured automated work-

station typically have only one super-

visor, a workstation controller. How-

ever, a material buffer for a work-

station has two supervisors: the

machining workstation controller

which coordinates the material buffer-

ing device (MBD) and a robot during

HORIZONTAL WORKSTATION OF AMRF SHOWING ROBOT REMOVING A TOOL FROM
A TRAY IN THE MATERIAL BUFFERING DEVICE.
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part storage and retrieval in the

workstation; and the material han-

dling system's controller which coor-

dinates the same MBD and an auto-

mated guided vehicle (AGV) during

tray storage and retrieval for the

workstation.

While the MBDs are considered a

shared resource between that work-

station and the Material Handling

Workstation (MHWS), at any one

instance they are supervised by only

one of them. The MBC architecture

enables the two control systems to

use this shared resource in ways that

are most appropriate for each system.

The MBDs at the HWS use eleva-

tors to store trays on shelves and have

delivery locations on two opposing

sides for either robot or AGV access.

The workstation's controller therefore,

gives the MBC object-oriented com-

mands, such as PRESENT PART and

ACCEPT TOOL. The Material Han-

dling System (MHS) gives the MBC
tray-oriented commands, such as

PRESENTTRAY and ACCEPT TRAY.

The generic control strategy devel-

oped by the HWS researchers makes

the MBC applicable for integrating

any type of material buffering device.

Thus the HWS' tray storage device

could be replaced with another storage

device such as a simple tray table

without affecting the way that either

workstation interacts with the con-

troller and without changing the

MBD's function as a shared resource.

The MBC architecture also allows

an independence between the activities

of the two workstations. The Hori-

zontal Workstation Controller need

not be concerned with how and when

materials enter and leave the work-

station. It need only be concerned

with coordinating parts production

functions. With the MBC integrated

as a shared resource, the Material

Handling System may deliver trays

to the MBD while the Horizontal

Workstation is machining a part

without interrupting the production

of that part.

To discuss the workstations equipment

further, contact:

Douglas Fishman
AMRF Project

Building 223—Room B-108
National Bureau of Standards

Gaithersburg, MD 20899
(301)975-6621

(
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Navy Manufacturing Technology

AM^F Automated Manufacturing Research Facility

National Bureau of Standards, Gaithersburg, MD 20899

Solder Inspection Project Completed

The final demonstration of Manu-

facturing Technology Project (X0199),

Wire Bond Monitor Integral to the

Wire Bond System, was held at IRT

Corporation (IRT) in San Diego,

California on September 1, 1987.

This project is sponsored by the Space

and Naval Warfare Systems Command
and is monitored by the Naval

Weapons Support Center, Crane. The

objective of this project is to develop

an automated solder inspection system

to inspect the solder joints of leadless

and discrete components surface

mounted upon multilayer interconnect

boards. An evaluation of the effective-

ness, reliability, and throughput of the

resultant system will be performed.

In addition, the automated system will

be compared to the current inspection

techniques of visual inspection and

static x-ray. The project consisted of

designing hardware and fixtures as well

as the development of the inspection

software.

The integrity of a solder joint is

essential to the reliability of an elec-

ronic assembly. A technique to

reliably assess the integrity of a solder

joint is needed. The present tech-

niques of solder joint inspection are

lacking in objectivity and accuracy.

Visual inspection relies on the sub-

jective decision-making of a human
inspector. In addition, visual inspec-

tion cannot look inside the joint to

determine porosity or hidden defects.

Static x-ray can look inside the joint,

but inspection still requires the sub-

jective decision making of a human
inspector to determine the quality of

a joint.

IRT has designed and manufactured

a system which uses automated

IR7 X-RAY SOLDER INSPECTION SYSTEM
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methods to determine the quality of a

solder joint. The x-ray image is

analyzed by a set of algorithms which

contain accept/reject thresholds.

The automated inspection system

has several advantages over other

inspection methods. The system uses

the see-through ability of x-ray with

the objective decision-making abilities

of a computer to determine the joint

quality.

The automated solder quality in-

spection system consists of three

major components; hardware, system

software, and custom software. The

hardware consists of two modules:

one houses the manipulation table,

x-ray source, and camera, and is com-

pletely lead lined; the second module

houses most of the computer hard-

ware. The system software consists of

the Automatic Digital Radiography-

Automatic Defect Recognition (ADR 2
)

(a proprietary software package pre-

viously developed by IRT which is

used in the analysis of x-ray images).

The custom software is written by I RT
2

and uses the ADR software to auto-

matically analyze the x-ray images and

make pass/fail decisions.

Preliminary indications are that the

automated inspection system will give

a more complete inspection in less

time. Labor costs should be reduced

due to the elimination of inspection

personnel. A one year evaluation of

the system will be performed, and at

the conclusion, a final report will be

submitted commenting on the effec-

tiveness, reliability, throughput, and

return on investment of the system.

For more information, contact:

Commanding Officer

Naval Weapons Support Center

Attn: Ms. Gretchen P. Cooper (Code 60311)

Crane, IN 47522-5060

Telephone: (812) 854-1854,

(
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Navy Manufacturing Technology

AM^F Automated Manufacturing Research Facility

National Bureau of Standards, Gaithersburg, MD 20899

A New Approach to Production Scheduling

Manufacturing companies are

investing large sums of money to

modernize their plants. This money is

being spent on advanced machining

centers, robots, automated material

handling, and the computer hard-

ware and software necessary to inte-

grate them together.

The primary motivation for this

modernization is the perceived notion

that using these sophisticated tech-

nologies will quickly lead to increased

profits. Higher profits were to be

realized through better quality, faster

throughput, greater machine utiliza-

tion, and lower work-in-process

inventory.

For the most part, these expecta-

tions have not been met. There are

at least four reasons: these tech-

nologies are not well understood,

integration is more difficult than

originally thought, increased flexiblity

leads to more complex control prob-

lems, and current scheduling strategies

are inadequate to deal with the prob-

lems created by this new, dynamic,

manufacturing environment.

Phase I of the AMRF project has

concentrated on the first three

reasons. Recently researchers from

NBS and the University of Illinois have

begun working on the scheduling

problem.

Scheduling is still a centralized

function which is performed off-line

using elaborate computer packages.

The vast amount of input data and the

size of the feasible region typically

lead to long run times. Conflicts or

delays resulting from shop floor

problems must be resolved on an ad

hoc basis until a new schedule is con-

structed. This often results in expen-

sive machinery sitting idle or being

used inefficiently. In either case,

profits tend to go down instead of up.

The NBS/University of Illinois team

has proposed a decision making hier-

archy in which scheduling occurs at

every level. It has developed a generic

scheduling framework which can be

used at any level of the hierarchy.

The framework uses mathematical

decomposition theory to partition the

scheduling problem into several levels

and distributed, real-time simulation

to construct the schedules. Prelimin-

nary analysis indicates that this ap-

proach will provide the capability of

updating and evaluating schedules in

real time.

The next step in the research will

be to test out scheduling algorithms

using PC-compatible machines. After

further testing with simulation

modeling, the scheduling rules will be

implemented at the AMRF.

For Additional Information:

To discuss this effort further, contact:

Dr. Albert Jones
AMRF Project

Building 220—Room A-127
National Bureau of Standards
Gaithersburg, MD 20899
(301)975-3554
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Effects of Control
Parameters on a Robot
Welder

Gains and weighting factors

in a vision-based controller

are evaluated.

A report describes a study of the trajec-

tory control in a vision-based robotic wel-

der. It covers an evaluation of the user-pro-

grammable parameters that dictate the

control response to a perceived error in

tracking the weld seam.

The welder uses illumination from the

welding arc for vision-based tracking of

square butt joints viewed through the weld-

ing torch. The system uses a proportional-

integral-differential control algorithm. The

trajectory-control procedure begins with

detection of the weld joint. Confidence in

the collected image is quantified and must

be greater than a programmed threshold

for correction to occur. If the decision is to

track an image feature, the present error is

calculated as the distance between the

joint position and the center of the elec-

trode. Once the present error is calculated,

it is averaged with preceding values by a

recursive technique.

In the evaluation, a controlled disturb-

ance was provided by welding on straight-

line square butt joints using a programmed

path with a ramp offset and two step on-

sets. The tracking accuracy was meas-

ured at increments along the wete) path,

and the collected data were statisticaJiy

reduced to three values for each weld. Two
of the values measured accuracy and the

third measured stability.

The measurements showed that in-

creasing the proportional gain increased

the ability of the system to correct for

abrupt offsets. However, the overall ac-

curacy, as expressed by the root-mean-

square error, tended to decrease when

gain was raised beyond a certain level be-

cause of the consequent decrease in sta-

bility. Varying the differential gain caused

little change in the control response over a

wide range.

Increasing the integral gain tended to

reduce the stabtftty of control. Increasing

the seem data average weight (an expo-

nent ri the weighting factor) ateo reduced

stability.

TNs workwas done by K. J. Gangland J.

L Weeks of RockweH International for

Harebell Mpine PtjA Center Further

information may be found in NASA CR-1

7853$ [N8616587] [AQ3] 'influence of

Control Parameters on the Joint Tracking

Performance ofa Coaxial Wfe/d Visbn Sys-

tem."

Copies may be purchased from the

National technical Information Service,

Springfield, Virginia 22161,

MFS-28W2 /77V
<

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer OMskm, P.0. Bex 8797, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Filament-Winding Technique for Concave Parts
A dummy mold and vacuum bagging yield accurate part girth.

A proposed method of filament wind-

ing would facilitate the accurate fabrica-

tion of fiber/matrix composite parts having

closed sections with concave surfaces.

With this method, parts that had to be laid

up by hand can now be wound with fila-

ments: this reduces the time and cost of

fabrication and improves the quality of

Bridging of Filaments

W////"""'
Figure 1. Bridging results when filaments

are wound on a part with concave sur-

faces.

the parts.

As shown in Figure 1, the conventional

technique of filament winding on a man-
drel with concave surfaces results in

bridging of the filaments across the con-

cave regions. This yields an incorrect part

shape and girth, which could prevent the

part from mating properly with another

part, or otherwise prevent the part from

functioning properly. Consequently, either

the bridging is tolerated or else the com-
posite material has to be applied manual-

ly in a procedure that is time consuming
and costly.

As shown in Figure 2, the new method

would involve a second (dummy) man-

drel, which would be attached to the con-

cave regions of the mandrel having the

shape of the part to be covered. The man-

drel could be constructed as a solid tool

or as an inflatable part to ease removal

prior to bagging. The second mandrel

would be designed to have a convex
winding surface, the cross-sectional path

length of which is identical to the cross-

sectional path length of the covered con-

cave surface (i.e., in the figure, path A =
path B).

The filaments would be wound around

the two-mandrel assembly. Following

Path A

VV\ Dummy MandreP
/

Figure 2. A Dummy Mandrel With a Con-
vex Outer Surface is added to the mandrel
having the shape of the part to be made.
The outer dummy surface has the same
perimeter as that of the covered concave
portion of the first mandrel.

completion of the winding operation, the

dummy would be removed, and the fila-

ments or filament/matrix composite ma-

terial would be vacuum bagged onto the

first mandrel. Since the filament length is

just right, the filaments settle into the con-

cave regions, giving the part the correct

shape and girth. The part could then be

cured.

This work was done by Donald Carter

and David Schmaling of United Technolo-

gies Corp. for Ames Research Center.

No further documentation is available.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel.

Ames Research Center

Refer to ARC-11672. /TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:
Darrell G Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

0193



fVIASATech Brief
National Aeronautics and
Space Administration

NASA's Jet Propulsion Laboratory, Pasadena, California

Licensing
Opportunity <

High-Density-Tape Casting System
A centrifuge packs solids from a slurry into a uniform, dense layer.

Tapes cast from slurries by a new cen-

trifugal system are more densely packed

and uniform than tapes cast in the conven-

tional manner by spreading slurries onto

flat surfaces to dry. Because the centri-

fugal packing forces used are several

orders of magnitude larger than gravity, the

new system produces tapes of nearly theo-

Casting

Chamber

6 In.

(15.2 cm)

The Cylindrical Rotary Casting Chamber is mounted on high-speed bearings and connected
to a motor (not shown). The liquid for vapor-pressure control and the casting slurry are intro-

duced from the syringes through the rotary seal. During the drying step, the liquid and vapor
can be vented through the feed tubes or other openings. Laminated tapes can be produced
by adding more syringes to cast additional layers of different materials.

retical packing density. The centrifugal

system can be used to cast thin tapes for

capacitors, fuel cells, and filters, for exam-

ple.

The new system (see figure) uses a ro-

tating drum as a centrifuge to enhance the

packing of the particles from the slurry. To

delay drying until casting is complete, va-

por pressure is maintained by placing extra

slurry solvent in a coaxial cup inside the

casting drum. After casting is complete,

the liquid is removed and the vapor is vent-

ed to allow the membrane to dry. Binders

from the slurry coat the solid particles and

hold them together. The dry tape is peeled

from the inside of the drum for sintering,

heat treating, or any other processing

steps that may be required.

This work was done by Earl R. Collins, Jr.

of Caltech for NASA's Jet Propulsion

Laboratory.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, NASA 's Jet

Propulsion Laboratory Refer to NPO-16901.

/TN

Jet Propulsion Lab.

4800 Oak Grove Drive

Pasadena CA 91109

Technology Utilization

Mgr Norman L. Chaltin

Mail Stop 156-211

(818)354-2240

NASA Resident
Technology Utilization

Officer: Gordon S.

Chapman
Mail Stop 180-801

(818)354-4849

Patent Counsel
Paul F. McCaul
Mall Code 180-801

(818)354-2734

<
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Levitation by Heat
Radiation in Microgravity

Radiation pressure would

push samples into position.

A report presents calculations relating

to the feasibility of a proposed heating-and-

levitating technique for use in microgravity.

In a material-processing system based on

this technique, a specimen would be heat-

ed to the required processing temperature

by thermal radiation, and the pressures of

the radiation impinging on the specimen

from different directions would be con-

trolled to push the specimen toward the de-

sired position. The technique would be

used in spaceborne manufacturing proc-

esses and experiments that require levita-

tion in a vacuum to prevent contamination

of any kind from reaching the specimens.

The heating-and-levitating apparatus

would include six heat sources — as an

example, electrically heated tungsten

filaments with reflectors. Each heat source

would be centered on one of the faces of

an imaginary cube, facing inward. The dif-

ference in radiation pressure on the op-

posite faces of the specimen — and,

therefore, the acceleration of the spe-

cimen along each axis of the cube —
would be controlled by turning heat sourc-

es on or off or by increasing or decreasing

the difference between the electrical

powers supplied to the oppositely facing

heat sources on each axis. During a typical

heating process, an automatic subsystem

would repeatedly adjust those powers to

maintain the specimen near the center of

the cube.

Using the theory of black-body radiation

,

preliminary calculations were performed

to estimate the capabilities and require-

ments of a typical levitation system. The

specimen was assumed to be a glass ball

of 1 -cm diameter with a mass density of

2.72 g/cm 3
, emissivity of 0.30, and heat

capacity of 0.2 cal/gK. Each tungsten-

filament heat source was assumed to be

coiled to a diameter of 1 cm, to have an

emissivity of 0.35, and to be heated to

6,000 °F (3,589 K) when turned on.

If the specimen were at a typical room
temperature of 20 °C, the radiation force

on the sample from one of the heat sourc-

es would be 0.044 dyne. If the specimen

were at a processing temperature of

2,000 °C, the radiation force would be
0.037 dyne. In both cases, the radiation

force is more than enough to overcome
the microgravitational force of 0.014 dyne

that would occur in a typical field of 10
~ 5

times the average gravitation at the sur-

face of the Earth.

In a typical process, the glass ball might

be irradiated while it is kept at the center by

turning up one heat source at a time (the

one toward which the sample is drifting).

The black-body calculations show that it

would take about 15 minutes to raise the

temperature of the sample from 20 °C to

2,000 °C. Thus, it appears feasible to heat

and position a specimen by thermal radia-

tion alone.

This work was done by Philip I.

Moynihan of Caltech for NASA's Jet Pro-

pulsion Laboratory. To obtain a copy of

the report, "Levitation of a Test Sample in

Microgravity by Radiation Pressure,

"

NPO-17022 /TN
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Making Optical Correctors by Diamond Turning
An rms surface error of only 0.075 wave has been achieved.

The Large Optics Diamond Turning Ma-

chine (LODTM) at Lawrence Livermore

National Laboratory has been used to

make highly amorphic reflecting wave-

front-corrector plates with an rms differ-

ence between the desired and the meas-

ured reflector surfaces of only 0.075 wave.

The measured errors correspond to one

standard deviation of the uncertainties in

the digitization and reduction of in-

terferograms of the surface. Thus, it ap-

pears that the accuracy of the LODTM-

generated surface exceeds the current

ability to measure it.

This work demonstrates the feasibility of

single-point diamond turning for the manu-

facture of generalized wavefront-control

surfaces or other unusual surfaces desired

by optical designers. The maximum depar-

ture of the diamond-turned corrector sur-

face from the nearest regular surface is set

by the dynamic range and acceleration

The Wavefront-Corrector Interferogram, as calculated from the equation of the corrector

surface, is shown on the left. The measured interferogram of the diamond-turned surface

(right) shows excellent agreement with the design. (The black disk in the center of the

measured interferogram is due to a hole in the center of the plate.)

capabilities of the LODTM in controlling the

m of the diamond tool. The LODTM
has the acceleration, the precision of mo-

tion, and the computer control system

necessary to make an amorphic surface to

1/20-wave accuracy.

Although optical designers have ex-

plored many asymmetric optical systems,

few such designs have been built because

of the difficulties of manufacturing and

I
such surfaces when traditional

grinding is used. The effect on perform-

ance of including an appropriate asymme-

tric surface can be striking: one design for

a decentered Schmidt/Cassegrain system

shows a reduction in rms spot radii by a

factor of 3 across the field when an asym-

metrical correcting surface is included.

In this experiment, two wavefront-cor-

rector plates and one optical flat were

turned on 2-cm-thick Super-Invar™ sub-

3-percent electroless nickel

plating 4 to 6 mils (0.1 to 0.1 5 mm) thick. As

shown in the figure, the calculated and

measured corrector-plate surfaces match

closely.

This work was done by Aden B. Meinel,

Marjorie P. Meinel, and John E. Stacy of

3altech for NASA's Jet Propulsion Lab-

ry and Theodore T. Saito and Steven

tterson of Lawrence Livermore Na-

tional Laboratory NPO-16918 /TN
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Portable Chamfering Tool
A power tool machines precisely onsite.

A portable machine tool precisely cuts a

chamfer on a valve seat. With the tool, a

delicate machining operation can be done

without removing the part to a machine

shop. The tool can be taken to the part and

used wherever pressurized air and electric

power are available. For example, it is used

on the umbilical valve for the Space Shuttle

external tank in the clean room in which

the valve is assembled. It can be adapted

for operations in aircraft, ships, land

vehicles, and industrial machinery at sites

remote from machine shops.

A plug with a bushing is inserted into the

valve opening, which is 3.250 in. (8.26 cm)
in diameter (see figure). The plug is

secured by a washer and nut. It serves to

guide and stabilize the rod that drives the

cutting tool.

The rod is installed in a positive-feed drill

when the feed is fully retracted. The cutter

is set to the required chamfering dimen-

sion, and a pin 0.187 in. (4.75 mm) in diam-

eter is inserted through the cutter holder

and the rod. Fastening the cutter with the

pin ensures control of the depth of the

chamfer and positive retraction of the tool

when the job is complete.

This work was done by Leo A. Berson of

Rockwell International Corp. for Johnson
Space Center MSC-21087 /TN

•

Positive-Feed

Drill

Spherical

Washer

DETAIL OF CHAMFER
AND CUTTER

The Plug and Bushing nest in the bore to be chamfered. They guide and steady the cutter rod as it cuts a 15 ° chamfer on the top edge of tfoe
bore.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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IWNSATech Brief
National Aeronautics and
Space Administration

Marshall Space Flight Center, Alabama

i

Supports for Wires Soldered to Pins

Stress concentrations are reduced by reorienting wires.

OLD

Wire connections susceptible to dam-
age from handling or vibration gain addi-

tional support with a new bonding config-

uration. Ordinarily, the soldered joint

between a wire and a terminal pin is prone

to fatigue cracking at the terminus of the

solder fillet. In the new configuration, the

wire is oriented to minimize stress in this

critical region.

The direction in which the wire ap-

proaches the pin is reversed. The wire is

given a U bend so that it joins the pin from

the connector side instead of from the free

end (see figure). The wire is soldered to the

pin, then covered with a sheath of heat-

shrinkable tubing. The terminal pin acts as

a splint for the vulnerable section of wire

next to the solder fillet.

This work was done by Arthur J. Hill of

Rockwell International Corp. Marshall
Space Flight Center. No further docu-

mentation is available.

MFS-29171 /77V

NEW

Vulnerable

Points

Heat-Shrinkable

Tubing (Cutaway
View Showing
Solder Joint)

rm\
Heat-Shrinkable

i Tubing (Cutaway

View Showing
Solder Joint)

I

The New Solder-Joint Configuration provides support for the part of the wire most suscepti-
ble to damage from handling or vibration — the part next to the solder joint. The reversal of

the wire and the heat-shrinkable tubing reduce the stress in this region.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE

<

0198



L IWVSATech Brief
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center, Houston, Texas

Laser Scanner for Tile-Cavity Measurement
Irregular surfaces are mapped and digitized for numerical-control machinery.

Post Processor

(Converts Grid Data Into

Numerical-Control Program
for Milling Machine)

Cavity

Machine-Controlling

Computer

Dally Storage

of Numerical-Control

Programs tor the

Direct-Numerical-

Control System

The Laser Scanning System generates a map of grid points representing a cavity and a portion of the outer surface surrounding the cavity.

The map data are used to control a milling machine, which cuts a tile or block to fit in the cavity.

A fast, accurate laser scanning system

measures the size and shape of a cavity

without making any physical contact with

the cavity and its walls. The measurements

are processed into control signals for the

numerically controlled machining of a tile

or block to fit the cavity. Other likely ap-

plications for this system include noncon-

tact surface measurements, robotic vision

systems, and inspection of machined and

sheet-metal parts.

The system (see figure) includes a scan-

ning head (consisting of five sets of la-

ser/camera pairs), a scanning control

computer, a television monitor, and an op-

erator terminal. A 50-ft- (15-m-) long power,

data, and control cable enables the scann-

ing head to be repositioned for different

measurements.

The laser beam is directed in front of the

camera and sweeps across the cavity

walls and the adjacent outer surface. The

measurement data travel through the

cable to a computer where they are trans-

lated into positional coordinates. Altogeth-

er, the system thus generates the coordi-

nates of 7,000 points to map the surface in

about 50 s. In addition, the system can

map the missing portion of the outer sur-

face at the cavity opening by mathematical

extrapolation from the adjacent outer sur-

face. The grid-point data are fed into a post-

processor, where they are translated into

the numerical control language under-

stood by a milling machine.

This work was done by Stanley Y.

Yoshino, Donald H. Wykes, George R.

Hagen, Gene E. Lotgering, Michael B.

Gaynor, Paul G. Westerlund, and Thomas

A. Baal of Rockwell International Corp. for

Johnson Space Center MSC-21136 /TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Navy Manufacturing Technology

AM^F Automated Manufacturing Research Facility

National Bureau of Standards, Gaithersburg, MD 20899

In Process Measurement of Part Thickness

Researchers from the NBS Center

for Manufacturing Engineering assisted

by researchers from the NBS Fracture

and Information Division have devel-

oped a measurement technique for

high precision, non-contact, one-sided

thickness measurement of metal parts

of rotation.

In-process precision measurement

of part thickness during fabrication is

of great interest to the manufacturing

industry because it permits modifica-

tion of the tool path while the part is

still fixtured and still under dimen-

sional control. These measurements

will be necessary for untended manu-

facturing of higher precision parts.

The parts have a nominal wall

thickness of 1.5 mm and diameter of

200 mm. The required measurement

accuracy is ±2.5 /im.

The researchers precisely measured

ultrasonic echo transit times and

determined part thickness by using the

known or calibrated material sound

speed. The precision of the transit

time measurement was about 100 ns

which is equivalent to a dimensional

precision of about 0.25 nvr\. This is

sufficiently precise to reach the

required accuracy for the part mix

(geometry and material) under study.

The miniature ultrasonic source/

receiver is positioned near the part

surface and is acoustically coupled to

the part surface by a small stream of

coolant/cutting fluid already used in

the machining process. The thickness

measurement is not affected by

changes in the separation distance

between the transducer and the part

surface since the transit time through

the part does not change.

Another key feature of the system is

the use of microprocessor-controlled

transit-time measurements rather than

conventional (manual) pulse overlap

techniques.

Results were first obtained on flat

disk specimens possessing a wide

range of grain sizes representing the

full metallurgical variability of the

actual parts. Both longitudinal and

shear wave measurements were made

in the initial development stage. The

shear wave measurements were made

using electromagnetic acoustic trans-

ducers (EMATS). Measurements were

also made on thin-walled parts of rota-

tion with longitudinal waves and the

results compared with high-precision

laser interferometer measurements of

part thickness with an agreement of

better than ±2.5 jum in nearly all

cases.

The automated measurement sys-

tem has undergone laboratory demon-

stration to the required accuracies.

In the near future, a prototype system

will be constructed for testing at a

government production facility which

will include computer-controlled

positioning.

For Additional Information:

To discuss the VWS2 effort further,

contact:

Dr. Donald G. Eitzen

AMRF Project

Sound Building—Room A-147
National Bureau of Standards

Gaithersburg, MD 20899
(301)975-6624
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U.S. Air Force

Technology Note

Corrosion Resistance of Rapidly Solidified Magnesium-
Base Alloys

Studies have been initiated at the Johns Hopkins University, supported

by the Air Force Office of Scientific Research, to examine the effects

of binary alloying elements on the corrosion resistance of rapidly solidi-

fied magnesium-base alloys. Based on theoretical considerations, a

number of binary alloys were selected for study. Among the elements
that it is planned to alloy with magnesium are Si, Al, Mn, Ca, Zn, Li, P,

and Cr. Similar alloys will also be examined in a companion study sup-

ported by the Air Force Wright Aeronautical Laboratory at Lockheed.

The studies conducted at Johns Hopkins will examine the fundamental
nature of the corrosion behavior of rapidly solidified magnesium-base
alloys. Procedures were selected during the initial year of investigation

that appear likely to permit the structure and thickness of corrosion

products on the surface of the alloys to be examined in detail. These
procedures involve the use of a soft X-ray reflection technique to de-

termine structure andellipsometry to determine thickness. Corrosion
behavior will be evaluated using potentiodynamic polarization measure-
ment and electrochemical impedance spectroscopy.

FOR ADDITIONAL INFORMATION: "A Fundamental Understanding

of the Effect of Alloying Elements on the Corrosion Resistance of

Rapidly Solidified Mg Alloys" may be purchased from NTIS, Springfield,

VA 22161; (703) 487-4650.

NTIS order number: AD-A176970/NAC
Price code: A03
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© U.S. Department
of Transportation

Federal Highway
Administration—

Production of Concrete Containing Fiy Ash for

Structural Applications

Structural applications of concrete containing fly ash have been limited

mainly to high strength concrete in the past. This trend is primarily due
to the lack of information available to the resident engineer concerning
curing conditions, setting times, strength characteristics and durability of

normal strength fly ash concrete. A study addressed some of the major
concerns of resident highway engineers on concrete containing fly ash for

structural concrete in highway applications. Its report summarizes the

experimental observations and conclusions from a research program investi-

gating the properties of both fresh and hardened structural concrete con-

taining fly ash. Tests were performed to establish guidelines for the selec-

tion of materials and trial mix design procedures for producing quality con-

crete containing fly ash. The study investigated freeze-thaw resistance,

flexural and compressive strength characteristics, mixing conditions and
procedures and curing conditions such as temperature, humidity, curing me-
thods and rate of strength gain. Types A and B fly ashes were used in this

study as a replacement for 0, 15, 25, and 35% Type I portland cement by
weight. In addition, Type IP cement containing 20% Type A fly ash was used.

The results show that concrete containing fly ash can be designed and pro-

portioned to meet present specifications for structural applications. In addi-

tion, this study reveals that an optimum mix design for concrete containing

fly ash is both technically and economically advantageous. The report pro-

vides the resident engineer with recommendations to ensure the production of

quality concrete containing fly ash for structural applications.

FOR ADDITIONAL INFORMATION: A copy of the report is available from
NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: PB87-204459/NAC
Price code: A08

To discuss this effort further, contact R. L. Carrasquillo, Center for Trans-

portation Research, The University of Texas at Austin, Austin, Texas 78712-
1075.
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»
Technology Application

Atom-Imaging Shows Details of Material Surface
Processes

Methods that allow individual atoms to be observed

are being used at Sandia National Laboratories to

identify, in atomic detail, processes that take place at the

surfaces of technologically important materials. Such

information is important to a wide range of subject areas

from silicon chip technology, to catalytic activity, to how
corrosion occurs.

The research has so far

—

• Identified the process responsible for the de-

crease in catalytic activity of rhodium automotive

exhaust catalysts during the commercially impor-

tant carbon monoxide oxidation reaction. The drop

in catalytic activity occurs when a stable oxide forms

on the surface of the rhodium.

• Made the first direct observation of how a surface of

platinum reconstructs itself from its expected

arrangement of surface atoms. Images show that the

platinum atoms rearrange into alternate filled and

empty rows. Studies of the motion of individual

atoms also identified the fundamental forces that

drive the restructuring of this single crystal surface.

These reconstructions are important in various sci-

entific areas ranging from crystal growth processes

to catalytic reactions.

• Led to understanding the growth mechanism of a

strained-metal overlayer system, a new class of sci-

Field ion microscope image ol rhodium atoms on lip of sharply

pointed needle. The process produces a direct image of the

protruding surface atoms. Each concentric circle is composed of

rhodium atoms at the edge of a single atomic layer. The overall

size (several hundred Angstroms in tip radius) and morphology
make the lip an excellent model of a catalyst particle.

entilically tailored materials that exhibit novel elec-

tronic and chemical properties. These studies make
use of the ability to image both individual nickel

atoms and clusters of nickel atoms as they attach to

or move ahout on substrates of tungsten.

The results are among the outcomes of a continuing

effort at Sandia.

Gaining important information

"The unique aspect of all these studies," according to

Sandia physicist Gary Kellogg, "is that we are now
applying atom-imaging procedures to materials and pro-

cesses related to technologically important problems. As

a result, we are gaining important new information about

the atomic processes that occur at surfaces."

Kellogg has carried out these studies in Sandia's Sur-

face Science Division.

The work is fundamental research, but it has potential

relevance to semiconductor technology, where processes

at the surfaces of crystals are all-important; catalysis,

essential in all industries dependent upon chemical pro-

cesses; and other important problems involving surfaces,

such as corrosion and adhesion.

Field ion microscopy, a technique that allows individ-

ual atoms to be directly observed, was used in the stud-

ies. The study of catalytic reactions on rhodium used

field ion microscopy combined with imaging and pulsed-

laser atom-probe mass spectroscopy, techniques devel-

oped at Sandia.

The experiments with rhodium solved a puzzle about

its catalytic action. Rhodium is one of three important

metals used in automobile catalytic converters. It serves

as the catalyst in the CO reaction, in which toxic carbon

monoxide combines with oxygen, changing into rela-

tively harmless carbon dioxide. Experience with rhodium

catalysts shows thai the reaction rate increases lor a time

with rising pressures of oxygen, but then suddenly goes

down. Something "poisons" the catalyst.

Kellogg ran the reaction under conditions that simu-

late real-world reaction conditions in a catalytic con-

verter. He used field ion microscopy to examine the

surface before the reaction started and imaging atom-

probe mass spectroscopy to study the surface composi-

tion after the reaction. The small surfaces needed for

field ion microscopy were advantageous for this type of

study: the size and morphology of the surface are com-
parable to those of a typical, commercial catalyst parti-

cle. But unlike a commercial catalyst particle, the surface

is defined on an atomic scale.

Rhodium oxide formed

In a variety of experiments with varying oxygen/

carbon monoxide ratios up to 30:1, the atom-probe mass

spectrometer saw no unusual surface species. Increasing

the ratio to 40:1, however, resulted in signals indicating
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presence of a surface oxide. Analysis showed that a stable

oxide of rhodium, Rh
20„ had formed.

The range of oxygen-concentration ratios where

oxides were detected (30:1 to 40:1) correlates well with

the ratio found for deactivation of the CO oxidation

reaction, says Kellogg.

"That these conditions correlate with the deactivation

of the reaction is confirming evidence that oxide forma-

tion is the surface process responsible for deactivation,

i.e., poisoning," he says.

The direct observations of the surface reconstruction

ol platinum helped to settle a long-standing controversy

over how platinum atoms rearrange as a new surface is

formed (by cleaving a single crystal, for example). When
a fresh surface is produced from a solid material, atoms

at the newly formed surface mav move into a different

configuration to compensate for the sudden imbalance of

interatomic forces They trv to minimize the surface

energy by assuming a different form from that of the

bulk material.

There had been debate over the structure of the

reconstructed surface of platinum. Some evidence

pointed to a "missing row" structure, in which every

other row of platinum atoms in the outermost layer is

missing. Other studies seemed to point to a kind of

"sawtooth" structure.

Kellogg's studies resolved the matter. Observation

before reconstruction shows rows of atoms adjacent to

each other. After the surface reconstruction is stimulated

by heating to temperatures between 300 and 450 K (80°

and 350°F), the observations show that every other row

of atoms on the surface is missing.

The images, in other words, show clearly that the

reconstructed surface consists of alternate missing rows

of atoms, confirming the missing-row model.

FOR ADDITIONAL INFORMATION

Public Information Division,

Code 3161,

Dept. of Energy,

Sandia National Laboratories,

Albuquerque, NM 87185-5800

(505) 844-4207.

Refer to announcement 22, No. 9

<
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•
Technology Application

Solar Energy Research Institute

Vapor Transport-Filtration Technique for Purifying

Silicon

i

Background

Silicon solar cells elliciently

convert sunlight into electricity.

Very pure silicon is needed to

make them, and techniques lor

refining silicon have typically

been expensive For example, the

Siemens process, the present

commercial method, yields

semiconductor-grade silicon at a
cost ol about S60 per kilogram.

An electroretining process

developed and patented by
Solar Energy Research Institute

(SERI) researchers produces
solar-grade silicon at an esti-

mated cost of S7/kg. The process

uses an anode made ot a copper-
silicon alloy that separates impur-

ities from the silicon. The filtering

properties of that copper-silicon

alloy have now been used in an
advanced refining technique
called vapor transport-filtration

(VTF).

Accomplishments

Vapor transport-filtration is a
simple, economical technique for

purifying metallurgical-grade sil-

icon (mgSi) to meet solar-grade

specifications It was developed
and patented by researchers at

SERI The technique uses the

copper-silicon alloy to filter im-

purities and a closed-cycle vapor
transport process to segregate
impurities

The VTF technique produces sil-

icon pure enough for use in solar

cells (99.9999*% pure) in a single

step In this process, the silicon

source is mgSi dissolved in the

-Silicon Filament

i"|S<HClIHCI

H \J

• 2-Phase Alloy

mgSi:Cu,Si

Quartz Bell Jar

Copper Baseplate

-^- Thermocouple

*» Vacuum, HCI

•*•* A C Filament Power

Schematic ol the vapor transport-nitration reactor

copper-silicon alloy, forming

mgSi Cu 3 Si. It is placed inside a
reactor vessel with a silicon fila-

ment, and the vessel is filled with

the transport gas. a mixture of

hydrogen chloride (HCI) and
hydrogen (H 2 ). The filament is

electrically heated to 1 100°C; this

heats the alloy to 700°C The
transport gas then reacts with the

silicon at the alloy surface to form

chlorosilanes (compounds of

chlorine, hydrogen and silicon).

The reaction products are trans-

ported to the hot silicon filament

by diffusion and convection. The
chlorosilanes decompose at the

filament surface, deposit silicon,

and release HCI to continue the

transport process. The overall

effect, traditionally known as

chemical vapor transport, is a
well-known process.

The effectiveness of chemical
vapor transport is enhanced by
the filtering action of the copper-

silicon alloy. Because of its

unusually high diffusion coeffi-

cient in this system, silicon diffuses

rapidly through the alloy to the

surface, while impurity atoms dif-

fuse to the surface slowly The
transport gas, HCI. reacts only on
the surface of the alloy, so only

the silicon is extracted and trans-

ported at a consequential rate.

The impurities essentially remain
trapped in the alloy matrix

To test the technique, re-

searchers made several solar

cells from silicon purified by this
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process. To make control cells.

they used commercially refined,

semiconductor-grade silicon. The
average elticiencies were the

same for both groups, indicating

that VTF purification produces sil-

icon suitable for use in solar cells.

Applications and Benefits

Silicon purified by the vapor
transport-filtration technique is

pure enough to be used in solar

cells and other solid state devices
The combination of chemical va-

por transport and selective filtra-

tion effectively eliminates all im-

purities, yielding highly refined

silicon.

Vapor transport-filtration is con-
sidered more efficient and more
adaptable to large scale produc-
tion than electrorefining It is effi-

cient because it requires only
small volumes of the reactants

HC1. H2 . and Si:Cu3Si. Thus, the vo-

lume of waste gas is small In ad-
dition, the spent copper alloy can
easily be recycled using common
metallurgical processes.

Vapor transport-filtration puri-

fies silicon at a lower cost than
other techniques, including elec-

trorelining. Reducing the cost ot

silicon purification reduces the

cost of silicon solar cells, making
them a more cost-competitive

energy option.

Metal mgSi VTF Refined Si

Impurity (ppma) (ppma)

At >3400 <0.1-1

B 17 <0.2

Ca 290 <0.1

Cu 0.1

Cr 40 <0.05

Fe >2500 <0.15

Mg 85 <0.1

Mn 550 <0.05

Mo 1.4 <0.04

Ni 39 <0. 1-0.3

P 15 0.1-10

S 7 <0.3
Ti 290 <0.05

V 250 <0.05

Zr 13 <0.03

Comparison ol typical metal Impurity concentrations in the metallurgical-grade silicon

used to lorm the allloy source and in the VTF-refined silicon

Additional Information

Publications

Olson. J.M. and Powell. R.C. (1984) "A Vapor Transport-Filtration

Technique for Purifying Silicon." The Conference Record of the Se-

venteenth IEEE Photovoltaic Specialists Conference: Kissimmee. FL.

May 1-4, 1984 84CH2019-8. New York The Institute of Electrical and
Electronics Engineers. Inc. pp. 1 143-1 145

Olson. J.M. ( 1983) "Silicon Electrorefining and Transport Properties of

Cu3Si." Proceedings ol the Symposium on Materials and New Pro-

cessing Technologies for Photovoltaics. Electrochemical Society
Proceedings. Vol 83- 1 1 Amick J A . Kapur. V.K.; Dietl. J.; eds.. Penning-
ton. NJ: The Electrochemical Society. Inc.; p. 119-131.

Powell. R.C. and Olson. J.M. (December 1984). "Rate Limiting Step in

CVT Purification of Silicon Using a Si:Cu3Si Source." Journal of Crystal

Growth ( 70: 1 /2 ). pp. 2 1 8-222.

Patents

Olson. Jerry M.. Inventor. (November 1984). Method and Apparatus
(or Producing High Purity Silicon. U.S. Patent No.4.48 1.232. 7 pp. As-

signee: U.S. Department ol Energy.

Contacts

Business Information: SERI Industry Affairs. (303) 231-71 15

Technical Information: SERI Technical Inquiry Service. (303) 231-7303

SERI/SP-260-2734/P6
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IWNSATech Brief
National Aeronautics and
Space Administration

Ames Research Center, Moffett Field, California

Licensing
Opportunity

Tailorable Advanced Blanket Insulation (TABI)

An integral woven core of ceramic yarns holds silica batting for thermal protection of space vehicles.

Both single layer and multilayer in-

sulating blankets for high-temperature ser-

vice can now be fabricated without sewing.

The new blankets, called TABI, can be
used at higher temperatures because the

heat resistance of the sewing thread is no

longer a limiting factor. Moreover, the

blankets are no longer subject to damage
and weakening by the sewing process. The
blanket is smoother and its thickness more
uniform, because it is no longer quilted by

stitches.

The new TABI blanket consists of an in-

tegrally woven, filled core between two
fabric faces. The faces and core can be
woven from any of three ceramic yarns: si-

lica, aluminoborosilicate, or silicon car-

bide. The core may be woven as hollow

rectangular or triangular flutes and filled

with silica-fiber batting (see figure). Alter-

nate batting materials such as alumino-

borosilicate or alumina could also be utiliz-

ed. A double-layer core has also been
woven, one layer filled with the silica bat-

ting and the other with rigid ceramic tile.

The woven-core blankets can withstand

substantially greater heat flux than can the

older sewn silica blankets. For example,

the woven aluminoborosilicate blanket can
withstand as much as 7.5 Btu/ft 2s

(85 kW/m2
), and the woven silicon carbide

blanket can handle up to 30 Btu/ft 2s

The Tailorable Advanced Blanket Insulation (TABI) woven fabric is made of aluminoborosili-

cate. The triangular-cross-section flutes of the core are filled with silica batting. The flexible

blanket can be formed into curved shapes, providing high-temperature and high-heat-flux in-

sulation.

(340 kW/m2
). In contrast, the quilted silica-

fiber fabric is limited to 4.4 Btu/ft 2s

(50 kW/rn2 ).

This work was done by Paul M. Sawko
and Howard E. Goldstein of Ames Re-

search Center.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-

dressed to the Patent Counsel. Ames Re-

search Center Refer to ARC-11697. /77V

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:
Darrell G Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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WNSATech
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center, Houston, Texas

Light, Strong Insulating Tiles

Experiments with composition yield a desirable combination of properties.

Improved lightweight insulating sili-

ca/aluminum borosilicate/silicon carbide

tiles combine increased tensile strength

with low thermal conductivity. The new
tiles replace older all-silica tiles of approxi-

mately equal thermal conductivity and

higher mass density.

As originally formulated, the new tiles

were composed of silica and aluminum bo-

rosilicate fiber with 2 percent silicon car-

bide particles (as an emissivity-controlling

agent) in 320-grit (about 41 -fjm) size. These

tiles had lower density than their all-sili-

ca predecessors — 8 lb/ft
3 vs. 9 lb/ft 3

(128 kg/m3 vs. 144 kg/m3)as well as higher

tensile strength. However, insulating prop-

erties were not adequate, the thermal con-

ductivity being much higher than that of the

Material

SiC

Grit Size/

Concentration

(Percent by

Weight)

Dry (Unfired)

Density

lb/ft.3 (kg/m3)

Silica/Aluminum

Borosilicate

Fiber

Ratio

Final

Density

lb/ft 3 (kg/m 3
)

Effective

Thermal

Conductivity

Relative to

All-Silica

Original

Composition
320/2 5.0 to 6.5

(80 to 104)

78/22 8.0 to 9.0

(128 to 144)

Much Higher

Improved

Composition

600/3 7.0

(112)

85/15 8.5

(136)

Essentially

Equivalent

Changes In Composition substantially improve the heat-insulating properties of silica-based

refractory tile. The silicon carbide particles act as high-emissivity radiation scatterers in the tile

material.

all-silica tiles.

After some experimentation, a new
formulation was found to reduce the ther-

mal conductivity: the concentration of alu-

minum borosilicate fiber was reduced, the

dry (unfired) density of the tile billets was in-

creased, the proportion of silicon carbide

was increased to 3 percent, and the silicon

carbide particle size was reduced to 600

grit (14 ^m), as shown in the table. Although

the density increased slightly with this

formulation, it was still less than that of the

all-silica tiles, and thermal conductivitywas
essentially the same as that of the all-silica

tiles.

Apparently the smaller silicon carbide

particles reduce the mean free path for

thermal radiation, thereby increasing scat-

tering in the material. Increasing the dry

density and reducing the aluminum borosi-

licate fiber content have a similar effect.

This work was done by E. Cordia and J.

Schirle of Lockheed Missiles & Space Co.

for Johnson Space Center. MSC-20601/TN
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Paint-Bonding Improvement for 2219 Aluminum Alloy

Delaying a rinse step in a deoxidizing treatment improves bonding.

RESULTS FROM AUGER SPECTROSCOPY AND
ELECTRON SPECTROSCOPY FOR CHEMICAL ANALYSIS

The bonding of adhesives and primers

to 2219 aluminum alloy is improved by de-

laying a rinse step in a surface-treatment

process. Examinations of treated surfaces

by stereo electron microscopy show that

the addition of a delay between the appli-

cation of Smutgo #1 (or equivalent) and the

following water-rinse step causes an in-

crease in the effective surface area.

Although the original process was the

best commercially available, 2219 alumi-

num is difficult to bond, and 700 out of

1 ,700 parts treated in the standard manner

failed an adhesion test. The failure rates for

various types of parts ranged from to 100

percent. The poor results obtained in the

original treatment seem to be caused by

carbon dioxide dissolved in the rinse water.

Apparently, the carbon dioxide forms a

carbonatelike reaction product with the

aluminum or aluminum hydroxide. This re-

action product terminates the reactivity of

the surface prematurely, producing a

relatively flat surface-oxide thickness.

Delaying the rinse allows the formation

of a rougher surface for stronger bonding

and a greater oxide buildup. Panels that

are rinsed immediately are more sensitive

to moisture and contamination. In tests of

various rinse delays extending all the way

to allowing the sample to dry before rins-

Surface Roughness
Sputter @ 10A/min
Oxide Thickness

Atomic % of Cu

Immediate
Rinse

150 A
4.25 min
42.5 A
0.8

Rinse Delayed

10 Min

250 A
5.75 min

57.5 A
1.1

PRIMER-ADHESION TESTS

Proportion of

Demineralized

Water to Smutgo
(or Equivalent) Wet-Tape Test

Elcometer (or Equivalent)

Value, psi

50:1

100:1

200:1

500:1

1,000:1

2,000:1

Control

Immediate

Rinse

Rinse

Delayed

10 min

Immediate
Rinse

Rinse

Delayed

10 min

Fail

Fail

Fail

Pass

Pass

Pass
Pass

Pass
Pass

Pass

Pass

Pass

Pass

Pass

400

750

1,800

>2,000

>2,000

>2,000

>2,000

1,300

1,450

1,900

>2,000

>2,000

>2,000

>2,000

Increased Surface Roughness, Oxide Thickness, and Adhesion are exhibited by surfaces

treated with a delayed rinse.

ing, the optimum rinse delay was found to

be 10 to 15 min. Test results comparing the

original and the modified treatments are

shown in the table.

This work was done by Alfred F Daech

and Audrey Y. Cibula of Martin Marietta

Corp. for Marshall Space Flight Center.

No further documentation is available.

MFS-28166 /TN
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Localized Densi-

fication of Tile for

Impact Resistance

Colloidal silica is applied, in

controlled quantities, only

where it is needed.

A densification process increases the

impact resistance of lightweight, porous

silica tile without appreciably raising its

weight. The process is similar to one

described in "Attaching Metal Fasteners to

Silica Tiles" (MSC-20537), page 1 22, NASA
Tech Briefs, Vol. 10, No. 1 (January/

February 1986). A colloidal suspension of

silica is used to increase the density of the

small portion of the tile to be strengthened;

the process controls the penetration of the

suspension both laterally and vertically so

that densification is limited to the volume

where it is needed. This ensures that the

weight is increased only minimally.

The tile is first waterproofed throughout

with methyltrimethoxysilane. The surface

of the portion to be strengthened is then ex-

posed to radiant heat long enough to burn

out the waterproofing to the intended

depth below the surface. The tile will ac-

cept the densifying agent in the dewater-

proofed region but not in the waterproofed

region. The heating time is calculated from

an equation that relates the surface

temperature, as measured by a thermo-

couple, to the depth at which the tile

temperature rises to 1,050°F (566 °C),

which is the temperature at which the

waterproofing is destroyed.

Next, the tile is weighed. The weight gain

that will yield the required density increase

in the dewaterproofed region is calculated.

The open volume of the total volume to be

dewaterproofed is calculated from the

known density of silica [137 lb/ft
3 (2,200

kg/m3)] and the measured density of the

tile. A volume of colloidal silica suspension

equal to this open volume is applied to the

dewaterproofed surface.

The tile is dried in air for 24 hours, then

heated in an oven at 1 1 °C for 1 hour. The

tile is weighed, and its new weight is com-

pared with the calculated weight gain for

the requisite local increase in density. If the

tile is underweight, the densification proc-

ess is repeated.

This work was done by Laurence W.

Smiser and Jack W. Holt of Rockwell Inter-

national Corp. for Johnson Space
Center. MSC-20612 /TN
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Making Highly Porous Ceramics
Freeze drying generates high porosity.

OPTICAL MICROGRAPH

Rigid, lightweight insulation that can

withstand temperatures greater than

1,400 °C is made by a cryogenic freeze-

drying process. When fully developed, the

new insulation is expected to have a solid

content as low as 1 percent by volume and

to be mechanically isotropic. Insulation

made from silica fibers, in contrast, has a

lower temperature limit and is weaker in

certain directions because of the anisotro-

py introduced by the fibrous microstruc-

ture.

In an experiment, sodium carbonate in

water and aluminum sulfate in water were

mixed with more water to form a solution

SCANNING-ELECTRON MICROGRAPH

containing 94 percent water by volume.

(The water content is important because it

controls the solid content in the finished

product.) The slurry was sprayed into liquid

nitrogen, where it froze so rapidly that the

components were prevented from segre-

gating. The solids thus formed had a uni-

formly fine microstructure.

The frozen solids were placed in a

vacuum chamber. The ice evaporated,

leaving a powder of porous particles (see

figure). The powder was poured into a

mold, uniaxially pressed, and sintered at

1,475 to 1,600 °C. The product was a rigid

alumina ceramic of greater than 90 per-

SCANNING-ELECTRON MICROGRAPH

Photographs of Increasing Magnification

show loosely packed particles of the freeze-

dried powders (top and middle). The porous

surface of one particle is shown at the bot-

tom.

cent porosity. The product resisted at-

tempts to increase its density by heating,

even at temperatures as high as 1,600 °C.

This work was done by David J. Green of

Rockwell International Corp. for Johnson

Space Center.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Johnson

Space Center Refer to MSC-20782./TN
Lyndon B. Johnson
Space Center
Houston, TX 77058
Technology Utilization

Officer: Dean C Glenn
Mail Code EA4
(713)483-3809

Patent Counsel:

Edward K. Fein

Mail Code AL3
(713)483-4871
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Effects of Low Gravity on
Superalloy Solidification

Interdendritic spacings and

carbide contents increase.

A report describes experiments on the

directional solidification of MAR-M246(Hf)

superalloy in low gravity. MAR-M246(Hf)

is a nickel-based alloy containing 1.5 per-

cent hafnium among other elements. The
experiments were intended to determine

the effects of the reduction in gravity (and

consequently of convection in the melt)

on the growth of dendrites and on the

resultant interdendritic segregation of

various constituents, particularly of the

additive hafnium.

The microstructure of MAR-M246(Hf)

includes a nickel-based matrix, carbides,

and a yly' eutectic. The precipitated y'

phase strengthens the nickel-based ma-
trix. The hafnium is added because it

serves as a carbide former and grain-

boundary strengthener.

The alloy was directionally solidified in

a furnace with a water-cooled quenching

block in a KC-135 airplane. The samples

were repeatedly subjected to about 10'2

normal gravity for about 30s during

flights on parabolic trajectories, followed

by as much as 1 V2 min at about 1 .8 times

normal gravity during pullout and climb.

Growth rates of 1 .0 and 1 .6 cm/min were

selected because they produce excellent

dendritic structures in the laboratory and

enable about 5 mm of sample to be solidi-

fied during the low-gravity intervals. After

solidification, the samples were polished

and analyzed by standard micrographic

and electron microprobe techniques. The

spacings of secondary dendrite arms and

the volume fractions of carbides were

measured along the length of each sam-

ple.

The low-gravity portions of the samples

show increases in the spacings of the

primary and secondary dendrite arms
and in the interdendritic segregation of

hafnium. The latter effect is apparently

due to the decrease of convection, which

would normally serve to reduce the segre-

gation. There is a consequent increase in

the hafnium contents of the carbides. This

causes the carbide particles to become
more blocky, as usually happens when
hafnium is added. The amounts of in-

terdendritic constituents and carbides

decrease with decreasing gravity; this is

an effect usually seen when the interden-

dritic spaces increase as they do here.

Mechanical tests could not be per-

formed because the samples were too

small. However, the authors note that the

microstructural changes produced by

low gravity are traditionally associated

with improvements in the mechanical
properties of superalloys, including resist-

ance to high-temperature fatigue.

This work was done by M. H. Johnston,

R. A. Parr, P. A. Curreri, and Wendy Alter

of Marshall Space Flight Center. To ob-

tain a copy of the report, "Gravity Level

Induced Microstructural Variations in a

Directionally Solidified Superalloy,

"

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel. Mar-

shall Space Flight Center

Refer to MFS-28027 /TN

George C. Marshall

Space Flight Center
Marshall Space Flight

Center, AL 35812
Technology Utilization

Officer: Ismail Akbay
Code AT01

(205) 544-2223

Patent Counsel:

Leon D Wofford, Jr

Mail Code CC01
(205) 544-0024
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Solidifying Mn/Bi in a
Magnetic Field

The magnetic effects are

similar to those of low

gravity.

•

A report describes experiments in the

directional solidification of eutectic Mn/Bi

in a magnetic field. The purpose of the

study was to determine whether the ef-

fects of gravitationally-induced convec-

tion could be reduced or eliminated by

the magnetic field. Morphological, ther-

mal, and magnetic analyses were done

on samples grown at various speeds and

at various applied field strengths.

The microstructure of directionally

solidified eutectic Mn/Bi is characterized

by rods aligned with the direction of

growth and interfaces between faceted

and nonfaceted phases. In addition, the

equilibrium phase of Mn/Bi exhibits

strong ferromagnetism. Previous studies

had indicated that when growth is carried

out in low gravity to suppress convection,

the Mn/Bi rod diameter, interrod spacing,

and solidification temperature are re-

duced, whereas the magnetic properties

are enhanced.

Samples of Mn/Bi 5 cm long were pre-

pared in quartz crucibles. A subminiature

thermocouple was placed 2 cm from the

lower end of each sample to provide in

situ temperature measurements. The
samples were directionally solidified in a

vertical, growth-up orientation in a

Bridgman-Stockbarger furnace with a re-

sistance-heated hot zone, a water-cooled

chilling block, and an insulated adiabatic

zone between. The samples were held

stationary while the furnace was moved
upward at speeds ranging from 0.2 to 50

cm/h. The thermal gradient in each sam-

ple was maintained at 100°C/cm or

1 50 °C/cm. When the magnetic field was
used, it was applied perpendicularly to

the growth axis, usually at a strength of 3

kG.

At growth speeds below 0.5 cm/h, the

magnetic field had no effect on the

microstructure, which was characterized

by nonaligned, irregularly dispersed

Mn/Bi platelets. At growth speeds above

3 cm/h, the transverse magnetic field

reduced the rod diameter and spacing,

enhanced undercooling, and increased

magnetic coercive strength. At a growth

speed of 3 cm/h and in the magnetic field,

the higher thermal gradient resulted in a

more uniform Mn/Bi microstructure.

These observations agree remarkably

well with those obtained in low gravitation

at 30 cm/h and 50 cm/h and are consis-

tent with the theoretical prediction that

the magnetic viscosity predominates

over the buoyant forces that drive ther-

mal convection under the given experi-

mental conditions.

This work was done by J. L. DeCarlo

and Ron G. Pinch of Grumman Aero-

space Corp. for Marshall Space Flight

Center. To obtain a copy of the report,

"Effect of Applied Magnetic Fields during

Directional Solidification of Eutectic

Bi-Mn,

"

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Marshall

Space Flight Center Refer to MFS-28123

/TN

George C. Marshall

Space Flight Center
Marshall Space Flight

Center, AL 35812
Technology Utilization

Officer: Ismail Akbay
Code AT01

(205) 544-2223

Patent Counsel:
Leon D Wofford, Jr

Mail Code CC01
(205) 5440024
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Trifluorophenylethylidene
Condensation Polyimides

Synthetic versatility pro-

vides high-Tg films and melt-

fusible molding resins.

A report describes the synthesis and

properties of trifluorophenylethylidene (3F)

condensation polyimides. The properties

of these new polymers may make them

suitable as thermal-control coatings, inter-

layer dielectrics in advanced wafer chips,

and electronic-multilevel-interconnection

layers.

The hexafluoroisopropylidene (6F) con-

necting group used to prepare commer-

cially available aromatic polyimides has

been shown to result in resins with high

glass-transition temperatures (T
g
's) and

excellent thermo-oxidative stability. In-

creases in the useful lifetime of 6F polyi-

mides at temperatures up to 700 °F

(371 °C) are desirable for use in jet engines.

Increasing the T
g
and the thermal/thermo-

oxidative stability increases the potential

for use at higher temperatures.

The 3F condensation polyimide resins

are based on connecting linkages some-

what analogous to those in 6F polyimides.

The 3F condensation polyimides represent

the following: (a) an alternative to the

6F-based laminating resins presently com-

mercially available, (b) a technology for

new' polyimide film products (6F resins are

unavailable as films), and (c) an improve-

ment over the existing 6F technology be-

cause of the "synthetic versatility" re-

sulting from the use of the 3F phenyl ring as

the site to modify polymer properties

chemically. The latter capability is not

available in existing 6F-resin technology

because of the lack of the necessary

phenyl ring as the synthetic site.

This investigation identified a synthetic

route to the new 3F dianhydride monomer

and improved the synthetic route to the ex-

isting 3F diamine monomer. These mono-

mers were then used to synthesize nine

new polyimides with 3F connecting link-

ages. Prepared by traditional condensa-

tion polymerization, these 3F polyimides

had molecular weights higher than those

of the analogously prepared 6F polyimides.

The 3F polymer solutions were thermal-

ly converted at 570 °F (299 °C) into polyim-

ide films. These films were converted into

molding powders and then into neat resin

disks. The resin disks were prepared at

temperatures up to 875 °F (468 °C).

Isothermal-weight-loss studies identified

two new polyimides containing 3F; namely,

3F-dianhydride/paraphenylene-diamine

and 6F-dianhydride/3F-diamine. These
polymers exhibited low weight losses simi-

lar to those of the oxidatively stable

6F-dianhydride/paraphenylene-diamine

andpyromellitic-dianhydride/6F-diamine

resins.

Test results indicated that the polyim-

ides containing the 3F linkage exhibit T
values and thermal/thermo-oxidative

stabilities similarly high to those of polyim-

ides containing the 6F linkage. Because of

their expanded synthetic versatility, these

3F condensation resins represent the next

generation of condensation polyimides.

This work was done by William B.

Alston of Lewis Research Center and
Roy F. Gratz of Mary Washington College.

Further information may be found in

NASA TM-87113 [N86-12311/NSP],
[A02] "Structure-to-Glass Transition

Temperature Relationships in High

Temperature Stable Condensation

Polyimides."

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161,

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Lewis Research Center

Refer to LEW-14386. /TN

Lewis Research Center
21000 Brookpark Road
Cleveland, OH 44135

Technology Utilization

Officer: Daniel G Soltis

Mail Stop 7-3

(216)433-5567

Patent Counsel:
Gene E. Shook
Mail Code 301-6

(216)433-5753
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Study of Silicon-

Web Growth

Previously accepted concepts

appear to be inadequate.

A study of the dendritic-web growth of

single-crystal silicon has cast doubts on

previously accepted physical concepts of

the process. Despite more than 25 years of

investigation, dendritic-web growth is not

yet commercially viable for the production

of single-crystal silicon for solar photo-

voltaic cells. Progress is impeded by the

lack of understanding of the many phe-

nomena involved. Of particular concern

are the thermal conditions in the melt

around the growing solid. It now appears

that previous assumptions regarding tem-

perature distributions were incorrect, part-

ly due to an erroneous published inter-

pretation of the pioneering work of

Czochralski.

In the dendritic-web process, the solid

web of silicon is pulled from the melt

through a narrow slot in a lid that covers

the silicon melt. Holes at the ends, which

give the slot a "dog-bone" appearance,

allow increased local thermal radiation

from the melt to impose a more desirable

spatial temperature distribution. Growth is

initiated by placing a seed crystal at the

center of the slot, then suitably decreasing

the temperature of the melt until a button

begins to grow from the seed.

If all goes well, the button grows with

very little growth in width toward the ends.

The button is then pulled up from the melt,

and a web of single-crystal silicon grows

between dendrites as the pulling contin-

ues.

According to the concepts that have

prevailed up to now, the initiation of growth

requires an undercooled melt. However, in

this study, thermal calculations show that

the melt remains above the freezing tem-

perature. Instead, heat conduction
through the solidifying material and heat

radiation through the slot now seem more
likely to effect the heat transfer necessary

for solidification.

This concept was partly borne out in ex-

periments on the growth of buttons, in

which solidified material could be ob-

served as highly radiating areas on the sur-

face of the melt. The growth of a button is a

self-propelling process: the emissivity of

the solid (about 0.46) exceeds that of the liq-

uid (about 0.22). Thus, with the solidification,

the local radiative thermal loss increases,

causing a decrease in local temperature

and consequently further solidification of

the melt.

The experiments also showed that but-

tons grow unpredictably in three distinct

types. The factors that determine which

type a particular button will be may include

the symmetry or asymmetry of the temper-

ature distribution, the orientation and
placement of the seed crystal, and possibly

the microscopic features of the contact be-

tween the seed crystal and the melt.

The large faceted surfaces observed on

two types of buttons could not have coin-

cided with the isotherm of the melting tem-

perature. Temperature differences as

large as 3 to 5 °C were estimated to have

existed on the faceted solid/liquid interface

during crystal growth. This observation in-

dicates that a thermal analysis that ex-

cludes the crystallization kinetics can

predict neither the shape nor the location

of the solid/liquid interface.

This work was done by Robert Richter of
Caltech for NASA's Jet Propulsion Lab-

oratory. To obtain a copy of the report,

"Study of the Mechanism of Single Crystal

Silicon Growth in a Web Configuration,"

NPO-16964 /TN
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Controlling Growth Rates of Protein Samples
The environment is made dry or wet to adjust the rate.

An apparatus enables the control of

humidity in a chamber to control the rates

of growth of crystalline samples of protein.

The size of the drop of solution from which

the protein is grown can be made larger or

smaller by the condensation or evapora-

tion of water. Because the concentration of

protein and precipitating agent are inverse-

ly proportional to the size of the drop, the

change in size can be used to control the

growth rate.

A syringe containing the protein solution

is inserted into the growth chamber, and a

drop of solution is forced from it so that the

drop hangs from the syringe tip (see figure).

An operator opens the valve between the

chamber and a desiccant container. The

drop shrinks as water evaporates from it in-

to the desiccant. The operator observes

the drop and, when it reaches the desired

size, closes the desiccant valve.

If the drop becomes too small, the oper-

ator opens the valve to a water container.

Moisture from the container condenses on

the drop so that it expands. With valves, the

operator can thus regulate the humidity in

the growth chamber.

The apparatus can readily be adapted to

automation. For example, a video image of

Syringe j<2e» v^!
Containing ^^^/fy *

W^\
Glass Wool

Polarizing \
Film \ \ J

Saturated

With Water

= jUzy^

Deslccant- * --^_ Water-Control

Conlrol ^ ^^ Valve

Valve y^fi^N^^ ^*. Growth
' n Chamber

Protein

^^M
Drop

~-^*-^ Chemical

Desiccant

Situated Between a Desiccant and a Water Source, a drop of protein solution shrinks or

swells, according to which valve the operator opens. The growing protein crystal is viewed

through the polarizing film.

the drop can be used to generate control

signals for the valves. Several hundred

samples could then be grown simultane-

ously without constant individual attention

by an operator.

777/s work was done by Frederick T.

Herrmann and Blair J. Herren of Marshall

Space Right Center.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Marshall

Space Flight Center Refer to MFS-28182.

/TN

George C. Marshall

Space Right Center
Marshall Space Right
Center, AL 35812
Technology Utilization

Officer: Ismail Akbay
Code AT01
(205) 544-2223

Patent Counsel:

Leon D. Wofford, Jr.

Mail Code CC01
(205) 544-0024
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U.S. Air Force

Technology Note

Ultrasonic Nondestructive Testing of Composites and
Multi-Layer Materials

Emphasis on improved performance of Air Force systems has resulted

in increased use of advanced, composite materials and structures. Com-
posite materials and multi-layer structures provide increased strength,

stiffness and reduced weight over conventional metallic structure. How-
ever, ensuring the structural integrity of these materials and structures

is far more difficult than for metals. The complex microstructure and
anisotropic behavior of composites makes detecting and characterizing
defects or attempting quantitative NDE particularly difficult.

Research carried out the development of new methods of ultrasonic non-
destructive evaluation (NDE). A state-of-the-art, automated ultrasonic

scanning system was developed to provide the capability for improved
data acquisition. Ultrasonic backscatter imaging and imaging using leaky
surface waves are applied to locating defects in advanced fiber-reinforced
composite materials. High speed digitizers are used to acquire the RF
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signals of interest and B-scan and C-scan images are generated using a

high-precision, automated scanning system developed during this program.
Defects such as matrix cracks, multi-level delaminations, ply cuts, and
simulated porosity are identified in graphite/epoxy composite samples.

Image analysis and digital image enhancement techniques are developed
and applied to the digitized images to improve defect detection. Global
and local spatial domain image operators are successful in improving
spatial resolution and defect detection. Initial results of image segmen-
tation efforts to isolate defects are encouraging.

FOR ADDITIONAL INFORMATION: A copy of the report is available from

NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: AD-A1821 99/0/NAC
Price code: A06

To discuss this effort further, contact

Thomas J. Moran
The University of Dayton Research

Institute

300 College Park
Dayton, OH 45469-0001

(513) 255-556]

(

CI



NBS technology update
National Bureau of Standards
U.S. Department of Commerce
Gaithersburq, MP 20899

Test for Setting Time and Strength of Concrete

Researchers in the NBS Center for Building Technology are

experimenting with a new test method for measuring the

setting time and strength of concrete. The technique,

called "impact-echo", uses sound waves and originally was
developed by NBS researchers to detect flaws in concrete.

Currently, no standard field or laboratory test is

available for measuring the setting time of concrete that

is performed on the concrete itself. The most widely-used
test method is performed on mortar sieved from the concrete
which may not accurately reflect environmental conditions

at the site. With the impact-echo method, the increase in

the speed of sound through concrete is measured and
correlated with setting time and subsequent strength

development of the concrete.

FOR ADDITIONAL INFORMATION: A report on the method,
Measurement of the Setting Time and Strength of Concrete by
the Impact-Echo Method (NBSIR 87-3575), is available from
the National Technical Information Service, Springfield, VA
22161, price code A08, order number PB88-1 1 1851/NAC.
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WNSATech Brief
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center, Houston, Texas

Testing Adhesive Bonds to Cloths
A nondestructive tool is simple and inexpensive.

An easy-to-use tool nondestructively

tests the strength of an adhesive bond be-

tween a cloth and a straight rigid edge. The

tool was developed for testing the ad-

vanced flexible reusable surface insulation

blankets on the Space Shuttle.

A stainless-steel pin is inserted just

under the surface fabric of a blanket so

that its pointed tip protrudes, as though a

large stitch were being made (see figure).

The fingers of a load sling are hooked

under the pin where it enters and emerges

from the fabric. The load sling is hooked on

a tension scale, and the user pulls on the

scale until the specified bond strength is

reached. The blanket and the adhesive

bond will be undamaged, provided that

both meet the specifications. The test can

be repeated at several locations on the

blanket.

This work was done by David G.

Thomann of Rockwell International Corp.

for Johnson Space Center. No further

documentation is available.

MSC-20707 /TN

Stainless-Steel

Pin

PARTS OF TOOL

A "Fish-Scale" Tension Meter pulls on an insulation blanket to test

the blanket-to-substrate bond.

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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NIH
• Research & Technology

U.S. Department of Health and Human Services Public Health Service National Institutes of Health

Storage of Sera Samples Improved

A novel sample storage sys-
tem has been developed by re-

searchers at the Southwest
Foundation for Biomedical Re-

search in San Antonio, Texas.
The system offers several ben-

efits over conventional stor-

age, including elimination of

repeated freezing and thawing,

protection against contamina-
tion of bulk samples, simplicity

in keeping inventory records,

ease of sample retrieval, and
elimination of need to return

samples to storage.

In addition, the researchers
say the new system is efficient,

economical, and applicable to a

variety of liquid specimens, and
can greatly increase the length of

potential storage.

The new method allows stor-

age of frozen sera and other flu-

ids within small heat-sealed seg-

ments of tubing attached
together to form one long cylin-

der. Each series of segments
contains one sample divided into

many small (approximately 50
microliter) aliquots

"This storage system can en-

able research scientists and
clinicians to safely and efficiently

preserve their irreplaceable

specimens and biological stand-

ards and to reduce the costly

periodic replacement of those

specimens that are replace-

able," says Dr Min-Lee Cheng,
who was formerly at the South-

west Foundation and is currently

a staff scientist at Beckman In-

struments in Brea, California.

At the Southwest Foundation
Dr Cheng was part of a team of

researchers conducting experi-

ments in the Baboon Breeding
Program of the Primate Breeding

and Resource Project, which is

supported by the Animal Re-

sources Program of the NIH Divi-

sion of Research Resources.

While investigating the ge-

netics of lipoprotein metabolism

The new storage system
designed by researchers at the

Southwest Foundation for

Biomedical Research in San
Antonio, Texas, can hold up to

1,680 samples in 50,400 small

proportional containers,

approximately twice as many
units as a conventional storage

system of the same size. Frozen

blood and plasma samples
stored by this method for more
than 2 years appear no different

than fresh samples with regard

to enzyme activity and protein

and lipoprotein structure, the

researchers report.
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in animal models of hyper-

cholesterolemia—a project that

requires the analysis of many
small samples—the San Antonio

scientists decided to design a

system that would permit easy
access to and storage of sam-
ples of various biological fluids

and chemical reagents used in

the laboratory

"We saw the need for a sim-

plified storage system," Dr.

Cheng says, "and developed
this system basically for in vitro

research and clinical diagnostic

use. We wanted to overcome
some of the problems that arise

from long-term storage of speci-

mens for future analyses and
comparative studies."

He notes that one conventional

way of storing blood is to divide a

large sample into many small ali-

quot s and then place each ali-

quot in a separate vial. However,

this is a time-consuming process

that requires a great deal of stor-

age space As an alternative, an

entire sample may be placed in

one large tube or bottle; re-

searchers who need only a small

portion of a sample can thaw the

sample, remove what they need,

and then refreeze that sample
until another analysis is done.
But "the worst thing that can hap-

pen to any protein is to repeat-

edly thaw and then refreeze it,"

Dr Cheng says. And in following

this procedure, researchers also

may contaminate their original

samples.

In addition, both of these

methods take a "tremendous
amount of time and effort that

could be spent conducting re-

search," he points out.

In discussing ways to over-

come these storage problems,
the Southwest Foundation inves-

tigators looked to blood-banking

organizations, which since the

early 1950's have used polyvinyl

chloride (PVC) bags to store

blood Dr. Cheng explains that

the introduction of dielectric seal-

ers allowed the donor tube of

blood bags to be sealed into

segments for culturing, typing,

and cross-matching the anti-

genic compatibility between do-

nor and potential recipient. The
research team basically followed

the blood bank protocol in de-

veloping this storage system, he

says.

In the new system samples to

be stored are drawn into a 27-cm
long piece of Tygon® tubing

made of PVC. The tubing is then

heat-sealed at approximately
0.8-cm intervals with a pre-

warmed sealer; after sealing,

each segment contains a 50-mi-

croliter sample of fluid. Each set

of samples is assigned an inven-

tory number and placed within a
tall cellulose acetate butyrate

(CAB) tube. The CAB tube is

closed at both ends with Capsi-

cles.

The CAB tube is then inserted

into a specially constructed,
three-to-six-tiered aluminum rack

inside a low-temperature
(-85°C) chest-type storage
freezer. Large freezers can store

up to 420 CAB tubes, which hold

1,680 samples in 50,400 ali-

quots, Dr. Cheng notes.

The CAB tube is sealed until

samples are needed; at that

time, the CAB tube is inverted,

the Capsicle opened so the seg-

mented tubing slides out, and
one or more of the segments of a

sample can be nicked off with a

scissors or razor blade. After

thawing, samples are ready for

assaying. For their experiments,

the Texas investigators simply

punctured the segment with a

needle and removed the total ali-

quot volume with a syringe.

Dr. Cheng points out that the

aluminum racks are sturdy, light-

weight, easy to clean, and not

prone to frost buildup, unlike the

boxes often used in conventional

freezer storage systems. He esti-

mates that one whole system, in-

cluding the tubing, will cost ap-

proximately $100—which he
says is "a big savings" over other

storage systems.

The team stored serum from
humans and baboons to deter-

mine how well the system pre-

serves biological specimens.
The researchers employed dif-

ferent electrophoretic techniques

to examine various plasma
lipoproteins, apolipoproteins, en-

zymes, and proteins, Dr. Cheng
says. Results indicate that even
after more than 2 years of stor-

age, enzyme activities have not

changed and the chemical struc-

tures of the apolipoproteins,

lipoproteins, and proteins remain

intact. The researchers also re-

port that in addition to human
and baboon serum samples,
antibody preparations, amniotic

fluid, and various chemical re-

agents stored by this technique

appear no different from fresh

samples.

Neither the heat-sealing pro-

cedure nor the tubing caused
any changes in serum proteins,

Dr. Cheng adds. He points out

that since some proteins are sus-

ceptible to very low tempera-
tures, problems such as de-

naturation may arise and are

most likely related to the freezing

process rather than to the

method of storage employed
Dr. Cheng comments that the

storage system he and his col-

leagues developed combines
several old ideas into something

new. "Our main objective now is

to let researchers know that this

method is available, and that

they can use it to store their sam-

ples much more easily and effi-

ciently than they currently are

doing," he says.

Additional reading:

1. Cheng, M.-L, Woodford,

S. C, Hilburn, J. L, and Van-

deBerg, J. L, A novel system for

storage of sera frozen in small al-

iquots. Journal of Biochemical

and Biophysical Methods 13:47-

51, 1986.

The research described in this

article was funded in part by the

Animal Resources Program of

the NIH Division of Research Re-

sources and the National Heart,

Lung, and Blood Institute.

For Additional Information:

To locate information or

professional contacts on this

effort, contact:

Research Resources
Information Center,

1601 Research Blvd.,

Rockville, MD 20850
(301)984-2870

Refer to item XI, No. 11 /TN



Walter Reed Army Institute of Research

Angiotensin-Converting Enzyme
Characteristics in Human Skin Fibroblasts

Angiotensin-converting enzyme (ACE) serves at least two important functions

in the human body: it converts angiotensin I to angiotensin II, a key step in

blood pressure regulation; and it inactivates bradykinin, a powerful vasoconstricter

that also constricts smooth muscle and activates pain receptors. While ACE is

predominantly found in cells lining blood vessel walls, and is especially active in

the human lung, it has been identified in many other tissues. Recent studies have
shown that several hormones may influence the enzyme's activity. For example,
hyperthyroid patients have high levels of ACE activity in their blood, while hypo-

thyroid patients have decreased ACE activity. This work was conducted by the

Division of Medicine, U.S. Naval Hospital and Uniformed Services University of

the Health Sciences.

In hopes of finding an in vitro model of the biochemical interactions, researchers

recently conducted experiments to characterize the effects of four hormones on

ACE activity in human skin fibroblast cells that were cultured in the laboratory.

The researchers obtained genital or pubic skin specimens from five male subjects

to establish the cell strains. They cultured the cells in media supplemented with

10% fetal calf serum and antibiotics.

After several weeks, they washed the cultures and checked for ACE activity. They
exposed the cells to four known ACE inhibitors and to three alternate substrates

in order to profile the enzyme's chemical activity. All the cultures were grown
in media that had been charcoal stripped and heat inactivated to ensure that any
hormone-enzyme interactions that were measured stemmed solely from fibroblast

cells, and not from the culture medium.

Cells were then exposed for 72 hours to varying concentrations of four different

hormones that have been shown in other experiments to have receptors in fibro-

blasts. The hormones tested were the thyroid hormone T3, the synthetic andro-

gen R1881, dexamethasone, and 1, 25(OHL-D-~.

Results of the studies showed that ACE was indeed detectable and active, at

levels similar to those that have been detected in other tissues, increasing its

activity linearly throughout the study. Peak activity occurred around 37 C, with
a pH ranging from 6.9 to 7.6, and a buffer solution of 1.0 mole/liter of NaCl.
However, ACE activity seemed unaffected by the hormones.

Though the lack of hormonal influence suggests that the cultured cells might not

make a good model, the study does confirm ACE activity in these cells, a finding

that may be important clinically. The finding raises the possibility that ACE may
be produced in these cells under certain conditions to exert local hormonal con-
trol on blood vessel dilation.

FOR ADDITIONAL INFORMATION:
Walter Reed Army Institute of Research
ATTN: SGRD-UWS
Washington, D. C. 20307-5100
Refer to Vol. 8-1 Sept. 87/TN
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IWNSATech Brief
National Aeronautics and
Space Administration

Licensing 4

Opportunity

Implantable, Ingestible Electronic Thermometer
The frequency of an oscillator varies with temperature.

NOTES:

Goddard Space Flight Center, Greenbelt, Maryland

A small quartz-crystal-controlled oscil-

lator would be swallowed or surgically im-

planted to provide continuous monitoring

of a patient's internal temperature. A
receiver placed near the patient would

measure the oscillator frequency, and the

temperature would be inferred from the

previously determined variation of frequen-

cy with temperature.

The oscillator circuit (see figure) in-

cludes a quartz crystal that has a nominal

resonant frequency of 262, 1 44 Hz and that

is cut in the orientation that gives a large

linear coefficient of frequency variation

with temperature. In this type of circuit, the

oscillation frequency is controlled primarily

by the crystal as long as the gain-band-

width product is at least about 4 times the

frequency. In this case, the chosen com-

ponent values yield a gain-bandwidth prod-

uct of 1 MHz.

The oscillator frequency is extremely

stable, in pad because of the way the cir-

cuit is biased. Resistors R
1
and R

2

establish the quiescent point at half the

power-supply voltage to assure the sym-

metry of the oscillations. This symmetry

combines with a sufficiently low gain to

prevent hard limiting of the oscillations,

which would otherwise cause noise, fre-

quency instability, and loss of output

power.

The output is taken from the combined

collector terminals that are connected to

L
1
and C

2 , a parallel resonant combination

with a high ratio of inductive reactance to

resistance (high Q). The inductive current

is therefore relatively high and provides

sufficient signal strength for reception out-

side the body at typical distances of 1 m or

less.

— vrr = 3V

1. Qi and Q2 are MAT-02 bipolar npn transistors.

2. R E = 20 to 40 kQ.

The Frequency of the Crystal-Controlled Oscillator varies with temperature. The circuit can

be made very small and implanted or ingested to measure internal body temperature.

Inductor L
1
can be made very small: 100

to 200 turns with a diameter of 3/16 in.

(4.8 mm) and a length of 1/2 in. (12.7 mm).

Although the figure shows two transistors

in parallel, one could be used (to reduce

power consumption) or three could be

used (to boost the output). Power for the

oscillator can be supplied by lithium cells,

which are very small and can last at least

100 hours at a current drain of 0.1 mA.
The general oscillator circuit can be

used to measure temperatures from - 10

to + 140 °C. A unit made for use in the hu-

'man body from about 30 to 40 °C operates

at 262, 1 44 ± 50 Hz with a frequency stabili-

ty of 0.1 Hz and a temperature coefficient

of 9 Hz/ °C: thus, the temperature readings

are accurate within 0.1/9 » 0.01 °C.

This work was done by Leonard
Kleinberg of Goddard Space Flight

Center.

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive

license for its commercial development

should be addressed to the Patent

Counsel, Goddard Space Flight Center

Refer to GSC-13037/TN

Goddard Space
Flight Center
Greenbelt, MD 20771

Technology Utilization

Officer: Donald S.

Friedman
Mail Code 702

(301) 286-6242

Patent Counsel:
John O Tresansky
Mail Code 204

(301)286-7351

i

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Technology Application

Brookhaven National Laboratory

Device for Non-Invasive Measurement of Lead in Pre-
school Children

This is a novel device for rapid, direct, non-invasive in vivo determination

of trace levels of lead in the tibia of pre-school children. The device is

based on external stimulation of characteristic L x-rays of lead using low-

energy, partially polarized radiation. The induced radiation is monitored
for quantitative evaluation of lead concentration in bone. The physical

principles involved in the operation of the device are x-ray fluorescence
spectroscopy and polarization of the incident radiation. A prototype is

operational at the Pediatric Metabolism Clinic at the Montefiore Medical
Center. The cost of a system is approximately $200,000.

STAGE OF DEVELOPMENT

One unit has been constructed and installed. Additional units are being

constructed. Screening now takes 15 minutes. It is anticipated that this

can be reduced to 5 to 10 minutes.

APPLICATIONS

L. Wielopolski, K.J. Ellis, A.N. Vaswani, S.H. Cohn, A. Greenberg, J.B. Puschett,

K.K. Parkinson, D.E. Fetterolf, P.J. Landrigan, "In Vivo Bone Lead Measurements:
A Rapid Monitoring Method for Cumulative Lead Exposure", American Journal

of Industrial Medicine 9:221-226, 1986.

L. Wielopolski, J.F. Fosen, D.N. Slatkin, D. Vartsky, K.J. Ellis, S.H. Cohn,
"Feasibility of Noninvasive Analysis of Lead in the Human Tibia by Soft X-
ray Fluorescence", Medical Physics, Vol. 10, No. 2., March/April 1983.

L. Wielopolski, D.N. Slatkin, D. Vartsky, K.J. Ellis, S.H. Cohn, "Feasibility

Study for the In Vivo measurement of Lead in Bone Using L-X-ray Fluorescence",

IEEE Transactions on Nuclear Science, Vol. NS-28, No. 1, February, 1981.

ADDITIONAL INFORMATION

W. Marcuse, Office of Research and Technology Applications, Brookhaven
National Laboratory, Upton, New York 11973; (516) 282-2103. Refer to

DOE/BNL-31/TN.
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Technology Application

Lawrence Berkeley Laboratory

New Microscope for Biological Studies

A new type of optical microscope that reveals important details about the

structure of biological materials which conventional microscopes cannot

provide, has been developed by scientists with the Lawrence Berkeley Labora-

tory.

Called a "scanning differential polarization microscope," the new instrument

uses perpendicular beams of polarized light to distinguish linear and chiral --

right-handed or left-handed -- structures in biological specimens. Quanti-

tative measurements of such structures made possible by the new microscope
should be useful for medical research as well as basic biology studies.

The scanning differential polarization microscope was designed by Marcos
Maestre, a biochemist with LBL's Biology and Medicine Division, William

Mikols, a former LBL chemist who is now with Dow Chemical, and Ignacio

Tinoco, a chemist with LBL's Chemical Biodynamics Division and professor

with the University of California at Berkeley. Their new device is a modi-
fication of an earlier differential polarization microscope they designed that

provided quantitative information about linear structures only.

"The new microscope can provide spot-by-spot illumination imagery, with no
interference from neighboring points," says Maestre. "Our first microscope
looked at areas, which made it more difficult to analyze the results."

Both versions of the differential polarization microscope use the same basic

optical train, and a single instrument can be switched from one mode to the

other. What differs between the two modes is the method of illumination

and the detection system. Mounted atop the first version is a linear diode

array onto which an image, produced by perpendicular beams of linearly

polarized light, is focused as the array is mechanically scanned over a speci-

men. Data from the diode array is digitized and stored in a computer.

"We can vary wavelength, state of polarization, and spatial resolution in

order to probe different cellular components and produce images sensitive

to short-range as well as long-range order for both linear and chiral struc-

tures," says Maestre.

Since the new microscope produces its images mainly from scattered light,

specimens need not be stained and not much direct absorption of light takes

place. This makes the microscope safer for use on living organisms. Maestre
and his colleagues have already used it to observe heretofore unseen struc-

tural changes within the nuclei of fruit fly sperm as the sperm matured.
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"Differential polarization microscopy gives us an entirely new way of charac-

terizing cells," says Maestre. In addition to its use for studying biological

structures, the new microscope should also prove useful in materials studies. I

For Additional Information:

Mr. Robert Morris
Office of Research and Technology Ap-
plication

50A-4112
Lawrence Berkeley Laboratory
Berkeley, CA 94720
Telephone (415) 486-6502

<
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Technology News
From the Bureau of Mines, United States Department of the Interior

Microwave Drying of Fine Coal

Objective

Develop a means of drying fine

coal more quickly and efficiently

while minimizing several prob-

lems existing with current drying

methods.

Approach

Use microwave energy to dry

fine coal.

Current Problems

An increasing number of coal

preparation plants are drying

coal fines. Drying coal is benefi-

cial in many ways. It decreases
transportation cost; reduces
heat loss during the burning

process, thus, increasing heat-

ing efficiency; avoids freezing

problems, making handling
easier during shipment, storage,

and transfer to the points of use;

improves the quality of coal

used for special purposes, such
as the production of coke, bri-

quettes, and chemicals; facili-

tates the dry coal-cleaning proc-

ess; and helps maintain high

pulverizer capacity.

There are several problems,
however, with current thermal or

hot-air drying methods. For ex-

ample, a considerable amount
of fugitive dust is generated as a
result of thermal drying causing
potentially explosive mixtures to

develop in stacks. Environmen-
tal problems associated with

settling ponds may also be

encountered. In addition, the
moisture content of fine coal

after mechanical dewatering is

often too high to allow the coal

to be added directly to the
coarser (plus 1/4-inch) fractions,

requiring it to be further de-
watered. During dewatering,
though, fine coal is often lost

and expelled with sludge in most
current coal washing processes.
The loss of usable coal is

estimated to be as high as 15
percent of the coal mined. Fail-

ure to recover the fine coal
increases the volume of sludge
expelled into wasteponds, which
increases safety and environ-
mental hazards.

Microwave Drying

To provide a more efficient

method of drying coal fines that

eliminates current problems
associated with conventional
drying methods, the Bureau of

Mines investigated the feasibility

of using microwave energy to

dry coal. A research study was
performed to determine the
drying rates and power required

to dry fine coal using micro-

waves at the standard industrial

frequency of 2.45 GHz. The
study showed that coal is a poor
absorber of microwave energy
whereas water is a good ab-
sorber. Unlike the current meth-

The microwave heating system used in the Bureau's laboratory to

determine drying rates and energy requirements.

0223



ods of drying fine coal, which
heat both the coal and the
water, microwave energy heats
and drives off only the water.

The method appeared energy
efficient and minimized the gen-
eration of fugitive dust.

Test Results

Tests were performed in the

Bureau's laboratory using a cus-
tom-designed, conveyorized
microwave oven having a con-
tinuous power capability of 12
kW.
Microwave drying data were

obtained on three coal types:

bituminous, subbituminous, and
lignite.

System control parameters
such as power, feed rate, and
oven residence time made it

possible to achieve any desired
final moisture level in the coal.

One of the advantages to micro-

wave drying versus convention-
al drying is that power levels can
be adjusted instantly.

The technical feasibility of

drying minus 1/4-inch coal fines

by microwaves was demonstrat-
ed using a pilot-scale con-
tinuous processing system.
Drying efficiencies near the the-

oretical maximum of 1.54 kg of

water per kilowatt hour of ener-

gy input were achieved by prop-
erly adjusting the process pa-
rameters. Maximum efficiencies

of 97 percent for both subbitumi-
nous minus Winch plus 28-

mesh, and bituminous minus 28
plus 100-mesh coal fines were
obtained during these experi-

ments. Efficiency for all tests

was 77 percent which compares

Microwave generator-

Microwave trap—

y

Microwave I eak
detector

<

Flow diagram illustrates how the microwave drying system works.

very favorably with conventional
drying techniques particularly

since less energy was needed
to dry the coal. Since water
tends to readily absorb micro-
wave energy and coal does not,

microwave energy selectively

focuses on the moisture content
in the coal, drying it far more
efficiently than conventional
drying processes.

Patent Status

The U.S. Department of the
Interior is not applying for a
patent on this novel research
application.

For More Information

Complete research data on the

three coal types tested, as well

as detailed test procedures, are

available in Bureau of Mines'
Report of Investigations (Rl)

9005 entitled, "Microwave
Drying of Fine Coal." A free

single copy of the Rl may be
obtained by writing the Bureau
of Mines, Publications Distribu-

tion Section, P.O. Box 18070,
Cochrans Mill Road, Pittsburgh,

PA 15236.

For answers to technical

questions or for additional in-

formation contact the Bureau's
principal investigator for this

research:

David Lindroth

Twin Cities Research Center
Bureau of Mines
5629 Minnehaha Avenue

South
Minneapolis, MN 55417
Telephone: (612) 725-4500.
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Technology Application

Computer Assisted Mineral Prospecting

At the Pacific Northwest Laboratory (PNL), researchers have developed a

tool for assessing the mineral potential of large regions that reduces explor-

ation time and the cost of field work. The technique, called computer-
assisted geochemical prospecting, is based on a unique computer analysis of

large data sets to evaluate and interpret regional geochemical stream data

from the National Uranium Resources Evaluation (NURE) database. The
evaluation reveals locations, usually stream drainage basins, where focused

exploration is likely to yield results. The technique provides a tool that can

help mining engineers identify mineral resources, minimize exploration time,

and reduce the cost of field work.

The NURE database is a valuable information resource for companies and
government agencies, especially since the cost of collecting and analyzing

samples has already been borne by DOE. The data can be tapped for source
minerals, strategic metals, and precious metals. It can be utilized to plan

future leasing, exploration, or land-use activities; and it can be analyzed
to identify strategic metals mining and export needs.

The technology has been demonstrated and successfully applied. Arrange-
ments are possible for assistance in application feasibility studies and im-

plementation. Using computer-assisted geochemical prospecting techniques,

researchers can provide comprehensive preliminary exploration information

on up to 48 elements.

FOR ADDITIONAL INFORMATION:
Marv Clement
P.O. Box 999
Pacific Northwest Laboratory
Richland, WA 99352

(509) 375-2789
Refer to DOE/PNL-AAR-019/TN
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U.S. Air Force

Technology Note

New Technique for the Characterization of Cesium
Beam Tube Performance

Cesium beam tube atomic standards tend to exhibit a decreasing beam
tube current with time. This report describes a technique to measure
noninvasively the product of electron-multiplier gain and noise figure,

as well as tube signal and noise performance, thus providing information

to discriminate between possible causes of decreasing beam tube current.

The technique characterizes cesium beam tube performance without mea-
suring clock frequency stability. Consequently, no extensive analysis of

long-term data is required. The technique is also applicable to a similar

evaluation of photomultiplier tubes.

FOR ADDITIONAL INFORMATION: A copy of the report is available

from NTIS, Springfield, VA 22161; (703) 487-4600.
NTIS order number: AD-A182873/0/NAC
Price code: A02
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Technology Application

Chemical Separations Information Database

Retrieving information on chemical separations is difficult because the literature is scattered

among many branches of science; methods are often buried in articles dealing mainly with other

topics; existing information services, such as Chemical Abstracts, do not index articles reliably by

separation method; and separation method terminology is not consistent across disciplines. Attempts

to solve problems of information retrieval in separations science have led to the concept of a

Separations Science Data Base. In a cooperative effort, chemical separations scientists and

computer analysts have developed a novel concept for supporting separations science data on a very

large on-line information retrieval system that was developed primarily for bibliographic data. The

system supports unique indexing techniques that provide rapid and accurate access to information

about specific separations from specific matrices and minimize false returns that result from cross

coupling of unrelated terms in multisubject reports. This data base is uniquely useful to separation

scientists because, by the use of appropriate combinations of terms from selected fields, information

on separations under specific conditions can be retrieved. These fields include separation system,

separated substance, separation agent, matrix, and type of information. The computer system design

and the creative approach to structuring of the separations science data are complementary with

respect to data entry and indexing, information retrieval, and the various ways in which the results

can be displayed at the user's terminal or microprocessor.

FOR ADDITIONAL INFORMATION: A copy of the report is available from

NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: DE87-007805/NAC
Price code: A03

To discuss this effort further, contact

B. B. Corey
Separations Science Research Group
U. S. DOE
Oak Ridge National Laboratory

Oak Ridge, Tennessee 37831
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Fourier Transform Infrared Spectroscopy Center

Federal
Technology

Resource

Intact living cells can be studied

noninvasive^ in situ by using the

Fourier transform infrared spec-

troscopy (FT-IR) systems avail-

able at the National Center for

Biomedical Infrared Spectro-

scopy in Columbus, Ohio.

The Ohio center, which is

funded by the National Heart,

Lung, and Blood Institute and the

Biomedical Research Technol-

ogy Program of the NIH Division

of Research Resources, has five

FT-IR spectrometers available.

One, which was specially de-
signed for biological experi-

ments, features increased speed
and improved stability.

Using FT-IR spectroscopy re-

searchers can analyze complex
biological molecules accurately

because of the precision of the

instrument and the intensity of

the infrared signal obtained; the-

oretically the signal to back-
ground noise ratio can be as
great as 30,000 to 1 . FT-IR spec-

troscopy is also highly sensitive;

microgram and even nanogram
amounts of sample can be exam-

ined without much sample prep-

aration, thus eliminating possible

alteration of the complex interac-

tions occurring in the sample. To
use FT-IR spectroscopy, sam-
ples in aqueous solution are

placed in the line of an infrared

beam. Each type of molecular
bond within the sample absorbs
the infrared energy differently

and translates the energy into

movement of the bond. The radi-

ation that passes through the

sample comprises its spectra.

Traditionally, chemists used
FT-IR spectroscopy to deter-

mine the composition of such
molecules as polymers and
organic chemicals. In the 1970's,

however, the development of ad-

vanced computers along with im-

proved FT-IR instrument design

enabled researchers to perform

studies on complex biomatenals.

At the FT-IR center in Ohio,

powerful data processing al-

gorithms programmed into the

computer provide easy analysis

of spectra, resolve spectral band
overlaps, magnify small dif-

ferences between spectra, and
perform appropriate subtractions

of the spectra. (Subtractions are

especially important in eliminat-

ing the spectra caused by the

water in biological samples.)
These capabilities allow more
complex biological materials to

be studied. Information concern-

ing molecular bonding, growth
kinetics, and environmental influ-

ences can also be obtained by
using FT-IR spectroscopy.

Several different types of stud-

ies can be performed depending
on the optics used in the FT-IR
system. The techniques include

photoacoustics spectroscopy,
transmission spectroscopy, at-

tenuated total reflectance, and
diffuse reflectance. To use at-

tenuated total reflectance (ATR),

for example, the sample is

placed on a germanium crystal.

The crystals internally reflect in-

frared radiation so that a spec-
trum of the material on the crystal

can be obtained.

One of the research projects at

the center concerns how pro-

teins and other biological mole-

cules interact with membrane
phospholipids, DNA, and other

cellular components in living

cells. Other in-house projects in-

clude research on protein ad-

sorption and external reflection,

particularly on phospholipid
monolayers to determine mo-
lecular configurations. Additional

studies use cluster analysis,

which involves the use of mathe-

matical algorithms to classify the

spectra of molecules or organ-

isms. Other in-house investiga-

tors are interested in using FT-IR

spectroscopy to speciate bacte-

ria and to look at basic cell func-

tions, such as DNA synthesis oc-

curring in the cell

Although analyzing biological

materials is a primary aim of the

center, another goal is to familiar-

ize other researchers with the

availability of this technique and

provide training to interested sci-

entists.

Extramural researchers can
send single samples or small

groups of samples to the center

for analysis The in-house inves-

tigators perform spectral analy-

ses and provide a brief summary

of the results. Interested inves-

tigators may go to the center and

receive help in analysis or per-

form the experiment after submit-

ting a service request form. In

many instances, the in-house

staff collaborates with visiting re-

searchers. No fee is charged for

nonindustrial analysis of sam-
ples.

For more information about the

FT-IR spectroscopy facility, con-

tact:

Mr. Tim B. Hutson

Laboratory Manager/Service

Coordinator

The National Center for Biomedi-

cal Infrared Spectroscopy
Battelle Columbus Laboratories

505 King Avenue
Columbus, Ohio 43201

Telephone: (614)424-5143.
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Clarification Procedure for Gels
Potassium-ion substitution in a silicate solution produces transparent gels.

When crystals are grown in gels, it is

preferable that the gels be transparent

enough to allow one to view the crystal

growth. Typically, gels for crystal growth

made by acidifying a stock sodium silicate

solution according to standard laboratory

technique are merely translucent. A proce-

dure has been developed to obtain trans-

parent gels with consistencies suitable for

crystal growth, by replacing sodium ions in

the silicate solution with potassium ions.

The clarification process uses a cation-

exchange resin to replace sodium ions in

the stock solution with potassium ions. The

cation-exchange resin is placed in a 1 M so-

lution of a soluble potassium salt, such as

potassium nitrate or chloride. This slurry is

stirred for several hours to allow the potas-

sium ions to replace all other cations on the

resin. The supernatant solution on the resin

beads is decanted through a filter, and the

beads are rinsed with distilled water. Rins-

ing removes the excess salt but leaves the

cation-exchange beads fully charged with

potassium ions.

The pretreated cation-exchange resin

beads are then transferred to the sodium

silicate stock solution and stirred for

several hours to allow the sodium ions in

the solution to exchange with the potassi-

um ions from the resin beads.The amounts

of solutions and of resin beads used are not

critical as long as enough quantities are

used to limit the ion exchange only by the

amount of sodium ions in the original stock

solution. The stock solution is poured off

through a coarse filter and used to prepare

gels that are much more transparent than

those made with untreated stock solution.

The cation-exchange beads in the filter can

be rinsed with distilled water and reused. In

fact, they can be stored in the potassium

salt solution.

It is recommended that the treated po-

tassium silicate stock solution be mixed

with cool, boiled (to remove dissolved

gases from the water), distilled water and

that the mix be acidified with acetic acid in

the following proportions:

• 16 parts treated stock solution;

• 25 to 29 parts cool, boiled, distilled water;

and
• 25 to 26 parts acetic acid solution (1M to

4M).

It is important that the components be mix-

ed in the above order to yield clear, repro-

ducible gels. The smaller volumes result in

firm gels, while the larger volumes give

softer gels. The more concentrated acid

solutions cause the gel to set faster than do

the weaker solutions. Individual experi-

mentation is required to produce gels of

the proper consistency and setting time for

the desired application.

This work was done by Patrick G. Barber

and Norman R. Simpson of Longwood Col-

lege for Langley Research Center.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel, Langley Re-

search Center Refer to LAR-13476 /TN
Langley Research Ctr.

Hampton, VA 23665
Technology Utilization

Officer: John Samos
Mail Stop 139A
(804) 865-3281

Patent Counsel:
George F Helfrich

Mail Code 279
(804) 865-3725

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Crystal Growth in Liquid-Encapsulated Float Zone
Liquid surrounding the melt prevents evaporation, suppresses convection, and supports the melt.

A suitably chosen liquid encapsulant

placed around the melt zone in a float-zone

crystal-growth system (see figure) can per-

form four important functions that en-

hance purity and reduce strains and dislo-

cations in the final crystal. With the new
technique, it should be possible to grow

dislocation-free crystals with precisely

controlled composition even from materi-

als that are not amenable to the conven-

tional float-zone crystal-growth method.

In the apparatus, the crystal is grown

from a polycrystalline feed material. A
single seed crystal of the desired orienta-

tion is attached at one end, as in conven-

tional float-zone growth. The feed material

is surrounded by the powdered encapsul-

ating material contained in a quartz tube or

ampoule, which can withstand the temper-

atures required to melt the crystalline ma-

terial and which is wet by the molten en-

capsulant in preference to the molten feed

material.

A spring-loaded piston allows for ther-

mal expansion and contraction and main-

tains the materials under a pressure equal

to or greater than the vapor pressure of the

most volatile component at the highest

temperature. During initial melting of the

encapsulant, a vent allows gases trapped

in the encapsulant to escape. Some liquid

may escape, but eventually the piston

moves inward and closes the vent.

The ampoule is placed so that the initial

increase in the temperature of the hot zone

melts the feed material adjacent to the

seed. The ampoule is then translated to

move the molten zone along the rod of feed

material, as in conventional float-zone

processing.

The encapsulant must have a melting

temperature lower than that of the material

to be crystallized and it must be almost

completely immiscible with the melt in the

liquid phase. The encapsulant must also be

electrically inert; that is, it must not act as a

dopant if the crystal is to be used for elec-

tronic devices. Examples of suitable en-

Endcap Shaft

Sliding

Seals

Molten

Encapsulant

Polycrystalline

Feed Material

Original

Seed
Crystal

Bottom

Cap

The Liquld-Encapsulated-Flcat-Zonu Crystal-Growth Apparatus fits in a muffle furnace with

an independently controlled hot zone.

capsulants include B
2 3

for GaAs and
probably CaF

2
for Si and Ge.

One function of the encapsulant is to

prevent the loss of relatively volatile com-

ponents from the melt in such compound
semiconductors as GaAs, GaAIAs, and

CdTe and in organic and polymeric sys-

tems. The encapsulant also functions to
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suppress surface-tension-driven convec-

tion, particularly if it is B
2 3 , which has a

high viscosity.

The molten encapsulant functions as an

easily deformable container that allows the

crystal to expand or contract without in-

ducing strains and defects. Many semicon-

ductors expand on freezing; strains induc-

ed by the rigid containers required in some
crystal-growth methods are thought to be

an important cause of defect formation.

The molten encapsulant provides buoy-

ancy support for the molten zone, thus

reducing the effect of gravity on the system

and allowing larger melt zones, and hence,

crystals of larger diameter. A larger melt

zone also enables better control of the

thermal profile near the solidification inter-

face. The support provided by the encap-

sulant may make it practical to process

materials of low surface tension, such as

organic and polymeric materials, which

would otherwise be difficult to process in

the presence of gravity.

This work was done by Robert J.

Naumann, Donald 0. Frazier, Sandor

Lehoczky, Marcus Vlasse, and Barbara

Facemire of Marshall Space Flight

Center. For further information, Grcle 67

on the TSP Request Card.

This invention is owned by NASA, and a

patent application has been filed. Inquiries

concerning nonexclusive or exclusive li-

cense for its commercial development

should be addressed to the Patent Coun-

sel, Marshall Space Flight Center

Refer to MFS-28144. /TN

George C. Marshall
Space Right Center
Marshall Space Flight

Center, AL 35812
Technology Utilization

Officer Ismail Akbay
Code AT01

(205) 544-2223

Patent Counsel:
Leon D Wofford, Jr

Mail Code CC01
(205) 544-0024

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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FPT Algorithm for

Two-Dimensional
Cyclic Convolutions
The algorithm is regular,

modular, and expandable.

A fast-polynomial-transform (FPT) algo-

rithm computes the two-dimensional cyclic

convolution of two-dimensional arrays of

complex numbers. Whereas previous al-

gorithms decomposed the problem into

one-dimensional polynomial convolutions

of different lengths, the new algorithm uses

cyclic polynomial convolutions of the same
length. Consequently, only fast polynomial

and fast Fourier transforms of the same
length are required. The algorithm is there-

fore regular, modular, and expandable.

These qualities make it suitable for imple-

mentation in very-large-scale integrated

circuits for template matching or other

image-processing applications.

The problem is to compute the two-di-

mensional cyclic convolution of the two

drby-d2 arrays {a
ty^ and {b

ti
, t2},

where

0<t
1
<d

1
- 1 and <Xt

2
<d2

- 1. The con-

volution is defined by

d-|-1 d2 -l

C
n

1
'n2

== X 2! a
ti't2

b
(ni-ti)'(n2 -t2 )

t1= t2 =

where (n
1

-

1

1
) and (n

2
-

1

2) denote the resi-

dues of n
1
-

1

1
and n2

-

1

2
modulo d

1
and

d
2 , respectively.

With the help of polynomial transforms

that sum over the indices t
2
and t

1
, the two-

dimensional cyclic convolution C„
n

1
n2

converted to a one-dimensional cyclic con-

volution C
n
(Z), where Z = the polynomial-

transform variable. A new decomposition

is chosen for a polynomial that appears in

C
n
(Z). Additional transformations are in-

troduced, and extensive manipulations are

performed.

The net effect of the derivation is to pro-

vide for the calculation of C
n
(Z) through a

seven-step algorithm that involves FPT's

and has the desired modularity. The FPT

technique is advantageous in that multipli-

cations are replaced by cyclic word shifts.

A generalized fast Fourier transform can

be used to compute the polynomial pro-

ducts in one of the steps. The first step in-

cludes modulus reductions, and the last

step includes reconstruction by the

Chinese Remainder Theorem; both have

butterfly flow structures similar to those of

the fast Fourier transform.

This work was done by Trieu-Kie Truong,

Howard M. Shao, D. Y. Pei, and Irving S.

Reed of Caltech for NASA's Jet Propul-

sion Laboratory. NPO-16835 /77V

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Oak Ridge National Laboratory

INTELLIGENT THICK-FILM GAS SENSOR

The integrated gas analysis and sensing (IGAS)

chip is a solid-state device that produces

recognizable electrical patterns—called

signatures—when exposed to reactive or

combustible gas. The sensor chip sends this

signature to a microprocessor that is "trained" to

recognize the patterns of individual gases, and

the two work together to identify the gas.

The ORNL IGAS chip's thick-film circuit

technology creates an integrated sensor array in

the form of a continuous oxide film with carefully

varied surface catalytic properties. The IGAS chip

plugs into a standard 20-pin socket; 2 pins

provide current to the heater (about 2.4 W), and

the other 18 are used to map the pattern of

resistances when the sensor is exposed to a gas

sample. This pattern is processed by a dedicated

microprocessor to analyze and identify the gas.

Unlike conventional gas sensors, which, for

example, cannot distinguish between a high

concentration of a less reactive gas and a lower

concentration of a more reactive gas, the ORNL

IGAS chip provides specific information on the

functional groups present in a gas sample with

enough detail for computerized pattern

recognition.

This technology will be applicable to activities

involving reactive, combustible, or general organic

compounds in a gaseous state. It will also be

applicable to environmental monitoring and safety

equipment, as well as to the monitoring of raw

materials and products in food processing,

fermentation, oil refining, etc. Because its

complex process of pattern recognition mimics

the human sense of smell, it is possible that

extremely complex mixtures such as commercial

fragrances could be analyzed and controlled with

an advanced version of the IGAS chip.

This invention was supported under a work-

for-others agreement with the Cabot Corporation,

which has been waived the intellectual property

rights.

For description of the technology contact:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

B. S. Hoffheins, R. J. Lauf, and M. W. Siegel, "Intelligent

Thick-Film Gas Sensor," Proceedings of the 1986

International Symposium on Microelectronics, Atlanta

(1986).

For additional information on availability of

the technology contact:

Cabot Corporation

Billerica Technical Center

Concord Road

Billerica, MA 01821

Telephone: (617) 663-3455
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LASER IONIZATION PHOTOELECTRON SPECTROMETER

Photoelectron spectroscopy (PES) has been

widely used in chemistry and physics for the

study of ionization potentials, electronic and

vibrational spectroscopy of ions, and

autoionization and chemi-ionization processes.

The conventional PES technique involves

analyzing the kinetic energy of the ejected

electrons following irradiation by vacuum

ultraviolet light or X rays. In 1980, a prototype

of the laser ionization PES described here

pioneered the new field of multiphoton ionization

PES. Here, tightly focused, tunable dye lasers

photoionize the sample by resonant absorption of

several photons. The ejected electrons are then

analyzed by conventional electron spectroscopy.

This new technique and apparatus allow the

extension of PES to the study of excited states

for the first time. The current model of the

instrument incorporates improved lasers, pulse-

counting electronics, and a supersonic nozzle

molecular beam source. The present instrument

thus provides a straightforward, versatile, and

extremely powerful tool for the study of

photoionization of excited states, as well as

ground states.

Current commercial photoelectron

spectrometers rely on microwave-powered rare-

gas discharge lamps coupled with

monochromators. The laser-based ionization

source offers continuous tunability, high

resolution, much higher spectral brightness,

polarization purity, coherence, and short pulse

times (ps to ns). Furthermore, the inherent

capability of exciting and then ionizing excited

states is unique. Even research instruments based

on synchrotron radiation do not have all of these

advantages. A major advantage of laser-based

photoelectron spectroscopy sources as an

analytical instrument is that the laser can be

resonantly tuned to one component of a gas

mixture, thus allowing high selectivity and

sensitivity.

The addition of a short time-of-flight mass

spectrometer to the laser PES apparatus allows

easy characterization and optimization of the

ionization event and indicates any fragmentation

or contamination to be considered in interpreting

the photoelectron spectra.

Figure 1 shows a schematic of the apparatus,

and Fig. 2 displays a sample photoelectron

spectrum.
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Fig. 1. Schematic of the laser ionization photoelectron

spectrometer.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

I I l I I L_l I I I I I I I I 1 I I I L_J

t 2

ELECTRON ENERGY (eV)

Fig. 2. A photoelectron spectrum following resonant

four-photon ionization of nitric oxide via two different

vibrational levels of the intermediate A 22 state.

J. C. Miller and R. N. Compton, "Multiphoton Ionization

Studies of Ultracold Nitric Oxide," J. Chem. Phys. 84 (2),

675-83 (1986).
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Rotating Arc Plasma Invertor for Electric Switching

One constant feature of plasma technology is the surprising variety of

uses which can be made of this remarkable state of matter. One of the

earliest and most frequent applications is that of electrical switching.

Although solid state thyristors have increasingly replaced plasmas in high

power switching applications, the use of plasmas for switching megawatts
of power and kiloamperes of current persists. In contrast with solid state

devices, a plasma is an inherently high power object. It is an energetic

extreme of material for the energy ranges of interest here, and adding

more energy to it just makes more plasma. A gaseous plasma is, in fact,

the final state of an overloaded transistor.

Specialized devices exist for the initiation and interruption of current

flow but the workhorse plasma switch is the mercury arc rectifier. To
shut the device off and bring it back to the non-conducting state, current

must be brought to zero by lowering the anode to cathode voltage to less

than this one-hundred-volt drop. This need for close to zero commutation
voltage severely restricts the design of mercury arc invertors.

Two other problems plague this device: backfiring when the anode is at

a higher voltage than the cathode and spontaneous firing of the device in

the forward direction at the wrong moment. A rotating arc plasma in-

vertor was developed to replace the mercury arc rectifiers used in high

power electric switches. It consists of a single cylindrical cathode and
two anodes made out of a symmetrically split annulus. A magnetic field

is applied along the axis of the cylindrical cathode. The cathode is con-

nected to the negative pole of the direct current power supply. The anodes
are connected to the opposite ends of the input transformer winding and
the central tap to the remaining power supply lead. The principle of oper-

ation is quite simple.

An arc is struck between the cathode and one of the anodes. Under quite

general conditions it forms a single spoke of plasma between the two, which
then rotates around the device at a velocity that depends on the applied

magnetic field and the spoke current.

When the spoke encounters the gap between the pieces of the split annulus,

it jumps across, transferring the flow of current in an alternating manner
between the pieces. The rotating arc plasma invertor would presumably
find a niche in high power applications where the deficiencies of solid state

devices are most evident. One example is in the substations of high voltage

direct current power distribution systems where conversion to alternating

current is neccessary both to step down the voltage and for distribution over
the local alternating current systems.
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FOR ADDITIONAL INFORMATION: A copy of the report is available from
NTIS, Springfield, VA 22161; (703) 487-4600.

NTIS order number: DE87-008066/NAC
Price code: A02

To discuss this effort further, contact M. F. Reusch, Plasma Physics Labor-
atory, Princeton, NJ.
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Department of Energy
Technology Application

Oak Ridge National Laboratory

A NEW SPECTROMETER FOR SOFT X-RAY EMISSION STUDIES
AT THE NATIONAL SYNCHROTRON LIGHT SOURCE

•

A newly developed soft X-ray emission

spectrometer has been designed to measure

very-low-intensity radiation emitted in the far

ultraviolet and soft X-ray spectral regions

(wavelengths, 500-12 A; photon energies,

20-1000 eV). The instrument attains extremely

high measuring efficiencies through several

important modifications of conventional grazing

incidence designs: (1) the input slit is located very

close to the sample to improve light collection;

(2) large toroidal gratings improve light collection

and reduce aberrations; (3) a two-dimensional

charge-coupled device silicon-diode detector with

a microchannel plate image converter converts

the spectrometer from a scanned slit to a

spectral display instrument; (4) four

interchangeable gratings permit high resolution

and wide range in a compact instrument.

Because this spectrometer measures weak

emission spectra with efficiencies 1000-10,000

times higher than conventional spectrometers, it

can measure weaker sources with better

resolution in less time. It therefore permits

unprecedented measurements of low-level

impurities in samples, of time-dependent

processes on surfaces, and of photon-excited

spectra from fragile samples that are destroyed

by electronbeam excitation.

Immediate applications are studies of alloys,

impurities, clusters, surface layers, organic

materials, and other fragile materials. At present,

this technology can also be applied to soft X-ray

absorption and reflection studies, as well as to

microprobe studies using a fine-focus electron-

beam in a scanning mode. In the future, it should

also be applicable to studies of gases and to

studies using grazing excitation and emission

geometries to obtain depth information.

Additional information:

Office of Technology Applications

Information Service

Martin Marietta Energy Systems, Inc.

P.O. Box X

Oak Ridge, TN 37831

Telephone: (615) 574-4192; FTS 624-4192

T. A. Callcott, K. L. Tsang, C. H. Zhang, D. L. Ederer, and

E. T. Arakawa, "High-Efficiency Soft X-Ray Emission

Spectrometer for Use with Synchrotron Radiation

Excitation," Rev. Sci. Instrum., 57 2680-90 (1986).
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Compensating for Electro-Osmosis in Electrophoresis
A simple mechanical adjustment eliminates a transverse velocity component.

A new apparatus for moving-wall elec-

trophoresis increases the degree of colli-

mation of the chemical species in a sample

stream. The apparatus compensates for

electro-osmosis, which would otherwise

tend to disturb the collimation.

Like other moving-wall electrophoresis

devices, the apparatus eliminates the pa-

rabolic velocity profile in the stream by en-

training a buffer liquid to flow as a rigid

body. Unlike others, however, it does not

include a wall coating of a zero-£-potential

material to prevent distortion by electro-os-

motic flow. Such coatings tend to lose their

effectiveness quickly because they be-

come contaminated by the sample and are

damaged by the rollers and gaskets that

make contact with the moving wall. In-

stead, the apparatus creates a component

of transverse buffer-flow velocity that ex-

actly opposes the transverse velocity pro-

duced by electro-osmosis.

The apparatus consists of three major

subassemblies (see figure). The upper

moving wall is a film that is unwound from

one roller and taken up on another roller in

the upper subassembly. Channels provide

a slight vacuum that keeps the moving film

in close contact with the inner surface. The

electrophoresis chamber is in the central

subassembly; it allows the insertion of the

buffer and sample solutions. Two side elec-

trodes protrude from one end of this subas-

sembly, and an array of collection tubes is

mounted at the other end.

Semicircular ears on the central subas-

sembly fit into guides on the lower subas-

sembly, which contains a moving wall like

that in the upper subassembly. The ears

permit the electrophoresis chamber to be

set at an angle relative to the moving films,

and thus to provide compensation for elec-

tro-osmosis. The tangent of the angle

equals the ratio of the electro-osmotic

Moving

Wall

TOP SUBASSEMBLY

Electrodes

Inlet for

Sample
Stream

CENTRAL
SUBASSEMBLY

Collection

Tubes

Set Angle

i

BOTTOM SUBASSEMBLY

The Electrophoresis Chamber Is Set at a Slight Angle in the horizontal plane to adjust the
angle between the solution flow and the wall motion. The component of velocity thus
created cancels the electro-osmotic effect.

velocity at the moving wall to the buffer

flowthrough velocity.

77?/s work was done by Percy H. Rhodes
and Robert S. Snyder of Marshall Space
Flight Center. No further documentation

is available.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-

dressed to the Patent Counsel. Marshall

Space Flight Center Refer to MFS-28142. /TN

George C. Marshall

Space Right Center
Marshall Space Flight

Center, AL 35812
Technology Utilization

Officer: Ismail Akbay
Code AT01

(205) 544-2223

Patent Counsel:

Leon D Wofford, Jr.

Mail Code CC01
(205) 544-0024

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Dual-Mode Laser Velocimeter
A reversible lens system provides two velocity ranges.

Ames Research Center, Moffett Field, California

A proposed version of a laser velocim-

eter for measuring airflows in wind tun-

nels uses a reversible, two-lens assembly

to provide two velocity ranges without

changing the location of the measuring

region in the airstream. Since the meas-

uring region would remain fixed, a pair of

the new velocimeters could be fixed to a

single rigid support and aimed at the re-

gion from different directions to form a

velocimeter for measuring all three velocity

components. The velocity range covered

by previous velocimeters of this general

type could not be changed easily be-

cause realignment of the entire system

was required.

A laser velocimeter uses two coherent

laser beams aimed at the same point to

produce a set of interference fringes in

the beam-intersection region. The fringes

form on parallel planes that bisect the

angle between the two beams. As a dust

particle carried by the air stream passes

through the fringes, the intensity of the

light scattered from it fluctuates at a fre-

quency equal to the number of fringes it

passes through per unit time. Thus the

frequency is proportional to the velocity

component of the dust particle perpen-

dicular to the planes of the fringes. The
scattered light is detected by a photomul-

tiplier. When many dust particles are

crossing simultaneously, the frequency

can be determined by taking the Fourier

transform of the light signal with a spec-

trum analyzer.

For high velocity resolution and spatial

resolution at low velocities, the fringes

should be closely spaced and confined to

Lens 1 Lens 2 Lens 3

-»- f1-*T* f2

Interference

Fringes

4

Interference

Fringes

Lens 2 Lens 1 Lens 3
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and
Beam-Splitting

Optics

I

I

I

I

I

I

I

I

r
x

.
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i
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\? -fl-» f1

I

1

1

1

A

A Laser Velocimeter could be modified to provide two velocity ranges by adding a rotatable assembly containing two lenses. In one orienta-

tion (top), the beam waists are narrow, and the two beams intersect at a relatively large angle, providing a low velocity range with high spatial

resolution. In the reversed orientation (bottom), the beam waists are wider, and the beams intersect at a smaller angle to produce more-wide-
ly-spaced fringes in a larger region, thus providing a high velocity range with lower spatial resolution.
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a small region. This requires that the two

beams have narrow beam waists at the

intersection and that they intersect at a

fairly large angle.

Conversely, the measurement of high-

er velocities requires a larger sensitive

region so that each scattering particle

spends enough time there to generate an

adequate signal. This necessitates larger

beam waists and therefore entails lower

spatial resolution. In this case, the beams
must be made to intersect at a smaller

angle so that the fringes occur over a

larger volume and are more widely

spaced.

To provide two velocity ranges, the

proposed velocimeter would change the

sizes of the beam waists and angle at

which the beams intersect by reversing

the order of two lenses added to the opti-

cal system (see figure). The two lenses

would be mounted on a single rotatable

assembly to provide quick selection of ve-

locity range.

Two velocity components can be
measured by using a single laser-

velocimeter optical system with two pairs

of laser beams lying in perpendicular

planes and operating on different wave-

lengths to form two sets of interference-

fringe planes that intersect at right

angles.

To determine the remaining velocity

component, another velocimeter is

aimed at the same measurement point

from a different direction. The velocity

component measured by that velocime-

ter will have a component perpendicular

to the two components measured by the

first velocimeter, thus providing enough

information for an algebraic solution for

the third velocity component. The entire

velocimeter is translated to scan the

measurement point over the region of

interest.

This work was done by William D.

Gunter, Jr., Ralph W. Donaldson, and
Alma G. Anderson, Jr., of Ames Re-

search Center.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel.

Ames Research Center

Refer to ARC-11634. /TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:

Darrell G Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Interface Circuit for Laser Doppler Velocimeters
A new circuit displays more information to the user and provides higher data-collection rates.

Ames Research Center, Moffett Field, California

The laser-Doppler-velocimeter (LDV)

interface circuit shown in the figure pro-

vides higher data-collection rates and

more detailed display of status informa-

tion than do commercially-available LDV
interfaces. The displays and user controls

facilitate adjustments of measurement

parameters during measurements. Syn-

chronizing circuits control the processing

of LDV signals arriving at random times

on different inputs. The interface can pro-

vide data to a minicomputer in a variety of

formats. Improved data-transfer control

("handshaking") logic increases the rate

of data transfer to the computer.

LDV's are used to measure velocity

components of airstreams in wind tun-

nels without perturbing the flows with

mechanical probes. In an LDV, an inter-

ference-fringe pattern is created in a

small measuring region in the flow by two

intersecting laser beams. Light is scat-

tered from dust particles entrained in the

flow as they pass across the fringes. The

Multiplex

Data To

Compute)

PART OF
SYCHRONIZER |

LDV BOARD .

Event

Data

inhibit

iSsMhtt LDV

To

I

Control

>^^- Lines To

Computer

This Interface Circuit facilitates the coupling of laser-Doppler-velocimeter outputs to a computer for analysis. The interface circuit enables
the user to select a variety of intermediate data-processing options, including clock frequency, coincidence channel combinations, coinci-

dence times, dead times, digital or analog output, and channels to be analyzed.
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scattered light is detected by a photomul-

tiplier. The repetition rate of the photomul-

tiplier-output pulses is therefore a

measure of the velocity component of the

particles across the fringes.

It is often desirable to process several

LDV signals simultaneously to give a

more complete description of the flow

field being studied. The new interface can

process three analog or digital LDV in-

puts simultaneously, each producing

pulses"at arbitrary intervals.

The interface circuit includes a multi-

plexer section and a synchronizer sec-

tion, both of which include switches and

indicators located on the front panel. The

multiplexer board holds a multiplexer-

control circuit and an 8-word multiplexer.

The synchronizer board includes an

event-pulse synchronizer, a clock control,

a real-time interval/time-word latch, and a

status-word latch.

The front panel has three six-digit dis-

plays for indicating the pulse-rate data for

three input channels from an LDV. A
fourth display indicates coincidence

rates among the inputs. Potentiometers

enable the user to control the timing inter-

vals used in defining coincidences.

The user can also select clock fre-

quencies in multiples of 10, from 100 Hz

to 10 MHz. A time-interval-counter over-

flow indicator lights up if the interval

counter reaches its limit before an event

is detected. This warning assists the user

in selecting the clock frequency that

gives the best resolution.

The multiplexer receives Doppler

pulses from the three LDV channels and
rate data from the clock control. The
multiplexer converts these inputs to a

single 16-bit output, which is fed to the in-

put terminals of the computer. The user

can select the particular Doppler-event

and rate data to be transmitted to the

computer.

This work was done by Dean R.

Harrison and James L Brown of Ames
Research Center

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center

Refer to ARC-11536 /77V

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:

Darrell G. Brekke
Mail Code 200-11

(415)694-5104

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Langley Research Center, Hampton, Virginia

Thermally Activated Driver

A precise, large-force driver has many potential applications and requires no power.

A space-qualified, precise, large-force,

thermally activated driver (TAD) has been

developed for use in space on an astro-

physics experiment to measure the abun-

dance of the rare actinide-group elements

in cosmic rays. These actinide abundanc-

es, which hold clues to the origin and evolu-

tion of cosmic rays, will be determined

through analyses of energetic-particle

tracks in stacks of thin plastic sheets after

the sheets have been exposed in space for

a number of years and then recovered.

Etching of the plastic sheets after they are

penetrated by elements results in conical

pits at each track site. With proper analysis

of the etch pits, the abundances of the ac-

tinide elements can be established.

One requirement in this technique is

that the temperature of the plastic stacks

at the time a track is produced, a critical

item of information in the analysis of etch

pits, must be known to within 1 °C. The

precise TAD was developed to be the heart

of the event thermometer (ET) system that

will be used on the mission. The ET system
is illustrated in Figure 1. Two plastic sheets

Cosmic-Ray
'Track

Thermally Activated Driver

DETAILS OF ETCH PITS
IN ET SHEETS AND

STACK ALONG COSMIC-RAY TRACK

Figure 1. Actinide Cosmic Rays will be detected using the thermally activated driver as the

heart of the event-thermometer (ET) system.
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Figure 2. Thermal Expansion and Contraction of the silicone oil activates the driver.
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are mounted above the detector stacks.

The upper sheet is movable, and its posi-

tion relative to the lower sheet is controlled,

as a function of the temperature of the

detector stacks, by the TAD. During post-

flight analysis of the etched plastics, the

temperature of the stack at the time a

given track was produced will be deter-

mined by aligning the track etch pit in the

movable sheet with that in the fixed sheet,

noting the stack temperature required for

the driver to so position the sheets.

The operation of the TAD, shown in

Figure 2, is the result of the expansion or

contraction of an incompressible fluid as

the temperature of the fluid changes. A coil

spring controls the position of the output

shaft by applying a resisting force to the

pressure force on the piston. Since the out-

put shaft is welded to the bellows plug, the

output shaft tracks the movement of the

bellows and fluid.

Forty-five TAD's will be flown on the

astrophysics actinide experiment. It is ex-

pected that TAD's will also find use in a

number of other space and terrestrial ap-

plications. TAD's have potential applica-

tions in fluid-control systems where
precise valve controls are needed. TAD's

may be used to drive thermal-control lou-

vers for spacecraft or for terrestrial

buildings, or to compensate for thermal ex-

pansion and distortion of spacecraft struc-

tures where extreme dimensional stability

is essential. With properly selected fluids,

fluid volumes, and bellows sizes, TAD's

can offer a wide choice in such per-

formance variables as displacements,

operating temperatures, driving forces,

and response times.

This work was done by William H. Kinard

of Langley Research Center and Robert

C. Murray and Robert F. Walsh of PRC
Kentron, Inc. LAR-13583/TN

FOR ADDITIONAL INFORMATION: Contact: Director, Technology Transfer Division, P.O. Box 8757, BWI
Airport, MD. 21240; (301) 621-0100 Ext. 241

REFER TO THE NUMBER LISTED AT THE END OF THE ARTICLE
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Measuring Specific Heats at High Temperatures
Graphite coatings on samples and control of the sample position increase accuracy.

A flash apparatus for measuring ther-

mal diffusivtties at temperatures from 300
to 1 ,000 °C has been modified so that it can

measure the specific heats of the samples

to an accuracy of 4 to 5 percent. Specific-

heat measurements on the modified appa-

ratus are more accurate than those taken

by differential scanning calorimetry and
are more convenient to perform than drop

calorimetry.

For the specific-heat measurements,

the sample holder was modified so that the

side of the sample that faces the flash unit

is always in the same place, regardless of

sample thickness. To make the sample ab-

sorptance a simple function of tempera-

ture and independent of the sample com-

position, a 300-A thick layer of graphite is

sputtered onto the front surface of each

sample. The oven and sample tempera-

ture is determined with a type S (plati-

num/platinum, 10 percent rhodium) ther-

mocouple in contact with the sample.

The apparatus was calibrated with ref-

erence samples of molybdenum, nickel,

and graphite, the specific heats of which

are known as functions of temperature. At

a given thermocouple temperature, the ra-

diant energy absorbed by each reference

sample is determined from the tempera-

ture rise as measured by a calibrated InSb

detector, which is focused on the back sur-

face of the sample (also sputtered with

graphite).

Similar measurements are then per-

formed on a sample of unknown specific

heat. The specific heat at a given tempera-

ture is calculated by dividing the radiant

energy absorbed at the given thermocou-

ple temperature by the product of the mass
of the sample and the temperature rise

measured by the InSb detector.

This work was done by Jan W.

Vandersande, Andrew Zoltan, and Charles

Wood of Caltech for NASA's Jet Propul-

sion Laboratory. NPO-16765 /TN

Xenon
Flash

Lamp

/

Graphite

Sample
Fixture

\

CaF2 Lens

100-mm Focal Length /
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Both the Specific Heat and Thermal Diffuslvlty of a sample can be measured with the apparatus shown. The xenon flash emits a pulse of ra-

diation, which is absorbed by a sputtered graphite coating on the sample. The sample temperature is measured with the thermocouple, and
the temperature rise due to the pulse is measured by the InSb detector.
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Flight Research on
a Forward-Swept-
Wing Airplane

Tests yield information

relating to design, safety,

and performance.

A report gives an overview of the flight-

research program on the X-29A experi-

mental airplane. The X-29A features

forward-swept wings, which offer the fol-

lowing potential advantages:

• Improved lateral control at high angles of

attack;

•A 13-percent reduction in total drag;

• Adecrease in wing-structural-box weight;

•Aft placement of the wing support, per-

mitting fuselage contours that are more
effective in the minimization of drag; and

• Reduced wing twist, with consequent re-

duction of manufacturing complexity and

cost.

To maximize the useful information

yielded by the research program, the air-

plane incorporates a variety of advanced

technologies including graphite/epoxy

wing covers, aeroelastically tailored wings,

automatic wing-camber control, and digital

fly-by-wire control.

A typical test flight is preceded by a

technical briefing 1 week in advance. This

is followed by a flight-test simulation on a

computer, a mission briefing, the actual

flight, and a mission debriefing. The facili-

ties involved in a flight include an aeronau-

tical-test range, a mission-control center,

spectral-analysis equipment, and a satel-

lite data link.

The airplane is highly instrumented with

rate gyroscopes, accelerometers, strain

gauges, aerodynamic-pressure taps, tem-

perature and pressure monitors, and posi-

tion indicators for surface positions and
movements. Measurement data apd con-

trol signals are integrated into a single

pulse-code modulation stream. Flight data

and the pilot's voice are transmitted to a

ground station.

The research program is providing the

data needed to improve the design, fabri-

cation, and testing procedures for the air-

plane. Data on aerodynamics, structures,

and controls correlate well with predic-

tions, and the flight systems are perform-

ing as expected.

This work was done by Walter J. Sefic

and Cleo M. Maxwell of Ames Research

Center. Further information may be found

in NASA TM-86809 [N86-26328/NSP],

"X-29A Technology Demonstrator Flight

Test Program Overview."

Copies may be purchased from the

National Technical Information Service,

Springfield, Virginia 22161.

Inquiries concerning rights for the

commercial use of this invention should

be addressed to the Patent Counsel,

Ames Research Center

Refer to ARC-11740/TN

Ames Research Ctr.

Moffett Field, CA 94035

Technology Utilization

Officer: Laurance Milov

Mail Code 223-3

(415)694-6370

Patent Counsel:

Darrell G. Brekke
Mail Code 200-11

(415)694-5104

»
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U Charge to my NTIS Deposit Account, No:

LJ Purchase order number:

Charge to: D American Express DVISA MasterCard

Card Number:

Expation date:

Signature:
(Required to validate order)

NTIS ORDER NUMBER (Use only for backup reports stated as available from NTIS)

NTIS Order Number Price* Quantity Total Price

Shipping and handling fee $3.00

Total
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• NTIS Order Form
NTIS

Telephone Numbers

To Order Reports

(703) 487-4650

For Subscription

Questions

(703) 487-4630

Other Information

(703) 487-4600

Editorial Questions

(703) 487-4805

Postage:
NTIS uses First Class Delivery, or

equivalent service, on all shipping.

For information about one day
RUSH ordering, call (703) 487-

4600.

NTIS PRICE CODE SCHEDULE *

This schedule gives the current values

to the price codes cited in those Tech
Notes having a backup report avail-

able from NTIS.

Microfiche

A01 $6.95

Paper copy
A02 9.95

A03 12.50

A04 through A05. . . 14.95

A06 through A09 . . . 19.95

A10 through A13. . . 25.95

A1 4 through A1 1 ... 32.95

A1 8 through A21 . . . 38.95

A22 through A25 . . . 44.95

A99 Call for price

Customers in Canada, United States,

and Mexico use this schedule. Other

addresses should write for the price

listing, number PR-360-4.

Prices effective January 1, 1988

Use this form ONLY to order reports designated as available from NTIS

MAIL ORDER TO: National Technical Information Service

U.S. DEPARTMENT OF COMMERCE
5265 Port Royal Road
Springfield, VA 22161

Send me the reports I have selected on this form. I have placed order numbers

in appropriate blanks and have indicated the quantity. IF ADDRESS LABEL

Last Name:

Title:

Company/Organization

:

Address:

City/State/Zip:

Telephone Number:

METHOD OF PAYMENT

D Check enclosed payable to NTIS for $ . . .

LJ Charge to my NTIS Deposit Account, No:

D Purchase order number:

Charge to: D American Express DVISA MasterCard

Card Number:

Expation date:

Signature:
(Required to validate order)

NTIS ORDER NUMBER (Use only for backup reports stated as available from NTIS)

NTIS Order Number Price* Quantity Total Price

Shipping and handling fee $3.00

Total
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Agriculture & Food

Computers

Electrotechnology

Energy

Engineering

Environmental Science &
Technology

Manufacturing, Machinery, &
Tools

Materials

Medicine & Biology

Natural Resources Tech-

nology & Engineering

Physical Sciences

Transportation

PENN STATE UNIVERSITY LIBRARIES
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